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" TECHNI CAL FI ELD The present invention is related to a nethod fpg 0eN t208f ast
magneti zation reversal with small applied magnetic fields.

particul ar l‘%ﬂ the invention relates to magnetic 5 recordi ng. BACKGROUND OF

THE | NVENW/ Whet i zation reversal is an el enentary proced§THRAYII0GT ng
key technol ogies of our civilization siach as electric transformation or
magneti c recording. In conventional nagnetization reversal as practiced
today the reversing magnetic field is applied 10 antiparallel to the

e scale which is af CHICCRBRSIOAMe EAIZAT IR, IR alor ing i 's an-

interdisciplinary field involving physics, material science,
conmmuni cati ons, and nechani cal engi neering. The physics of magnetic

recordi ng Tl:lf(&éﬁ égﬁr (B/l ng magneti c heads, recording nedia, and the
process of "SILE'E- 15 informati on between the heads and the nmedi um
Many magnetic recording systems which are adaptable for recording and
storing d vent i onal neti zi attern
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nmagnet i zi Rehafll 55kl Oﬂlagﬂetié e "RERE  pap@il Ry \t\Kte'irﬂQMnérh%lQ@Ett%r ihagfmenc
magneti zation i's forrre along the length of "a 20 single track, or~a nunber

of paral | gecardimgks. The nmediumis in the formof a nagnetic Iayer
supported on a nonmagneti c substrate. Recording or witing takes place by
causing relative notion between the nedium and a recordi ng transducer, also
referred to as recording head. In general, the recording head is a
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Magnetization reversal is an elementary process underlying key technologies of our
civilization such as electric transformation or magnetic recording. In conventional
magnetization reversal as practiced today the reversing magnetic field is applied
10 antiparallel to the magnetization direction. Therefore, the reversal speed is limited to a

time scale which is at the nanosecond level.

Magnetic recording is an interdisciplinary field involving physics, material science,
communications, and mechanical engineering. The physics of magnetic recording
involves studying magnetic heads, recording media, and the process of transferring

15 information between the heads and the medium.

Many magnetic recording systems, which are adaptable for recording and storing data,
are known. Conventional systems employ a magnetizing pattern on the surface of a
magnetic recording medium. The magnetic medium has a magnetizing direction or a
premagnetization whereby the pattern of magnetization is formed along the length of a
20  single track, or a number of parallel tracks. The medium is in the form of a magnetic
layer supported on a nonmagnetic substrate. Recording or writing takes place by
causing relative motion between the medium and a recording transducer, also referred

to as recording head. In general, the recording head 1s a ring-shaped electromagnet with



WO 00/ 77776 _ PCT/1B99/01067 2 a gap at the surface facing the nedium Wen
the head is fed wth a witing current representing the signal %ﬁ’ﬂmﬂﬁ
recorded, the fringing field fromthe gap nagnetizes the nmedium
respectively. The recorded nagneti zati on creates the above-nentioned

pattern, Wwoalhdei N the sinplest case a series of contiguou f‘?ﬁﬁs’% goets.

A "one bit" corresponds 5 to a change in,current polarity, zero
bit" corresponds to no change in pol arit§ of the witing current. A noving
disk is thus magnetized in the "+" direction for positive current and is
magnetized in the "-" direction for negative current flow In other words,
the storeda’ gijeal’ thishaWatd MY e BYEHH2WhdrMHEBRAG S Fedl Wit Wfting CailenP! @
di sk and the "zeroes" reside between the "ones." 10 A vari ety of magnetic
medi a have representing dhd signalegriet iecordedotleti friipgogeficld Heony elser gap nidgnetizes the1ost
nodern magnetic nedia.u thin |ayer of ferronm netlc materjal ~ supported
by & non- mAMT e LTSl The repRrdRd p?tezarxag}ewa@%ﬁ BEVEHREIOBEd REGATB |
particles i e e
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many pdssi ivh @ ahangd gmuaﬂcnopslaﬁqr u&ﬂetah'acemme‘t cmapomsgmeﬁd chadiReiiR pakafity
dlfferentlaﬁ g into "hard" and "soft"” nedia. Hard _ nedia reqwre ar ge
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Such nedi a e satur‘a I 'on an Coercrviey are

such appl weads, ansszaﬁcdcaﬁwtsabwdqi héfeGeadsals Rahigd¥Bididdectith ddear 85 Aefiskhand,
require relatively 20 low fields to becone rragnetl zed. These materials are
nore appr opRd Hice Zeroes Jigpide batwasndhe taned"as audi o recordi ng. The choice of
the nedia influences the way the magneti zation is recorded on the nmedi um
This is because the direction of the recorded nmagnetization 1is strongly

i nfluenced by the gheti.c ani sotropy of the used nedium Thus, different
techm@uesﬁ Manety o dnagpetis madia haye cd, for gpagnetiglirergirding coviedithey Years.whi ch

the However, most modern magnetic media use a thin layer of ferromagnetic material

’

supported by a non-magnetic substrate. The magnetic layer can be formed of magnetic
particles in a polymer matrix. Alternatively, the layer can be a vacuum deposited metal
or oxide film. The use of a thin magnetic layer permits My possible configurations for
15 the substrate. Magnetic media are diffcrcmiated— into "hard" and "soft” media. Hard
media require large applied fields to become permanently magnetized. Once
magnetized, large fields are required to reverse the magnetization and erase the
material. Such media, with large saturation and high coercivity are appropriate for such
applications as computer data storage. Soft media, on the other hand, require relatively
20 Jow fields to become magnetized. These materials are more appropriate for applications
such as audio recording. The choice of the media influences the way the magnetization
is recorded on the medium. This is because the direction of the recorded magnetization
is strongly influenced by the magnetic anisotropy of the used medium. Thus, different
techniques in recording exist, for example, longitudinal recording in which the
25  magnetization direction is directed along the length of the track or perpendicular N
recording whereby the medium shows perpendicular anisotropy. Media with needle
shaped particles oriented longitudinally tend to have a higher remanent magnetization in
the Jongitudinal direction, and favor therefore longitudinal recording. This longitudinal

orientation can then be supported by an appropriate head design, e.g. a ring head, which



25 magneti zation direction is directed along the length of the track or

* perpendi cul ar recordi ng whereby the nedi um shows per pendi cul ar ani sotropy.
Media with needle shaped particles oriented longitudinally t erri8 061 3Ie a
hi gher remanent magnetization in the |ongitudinal direction, and favor

t her ef or &W0OM@TIwadi nal recording. This |ongitudinal orient &CTaRY%EDET hen
be supported by an appropriate head degign, e.g. a ring head, which - 8 OCT
2003 WO 00! 77776 PCTI 1 B99/01067 -3 pronotes |ongitudinal fields.

Longi tudi nal recording is today's nost applied and used technique.

Nevert hel ess, a nedium can al so be constructed perpendicularly to the plane
of a fil raromatss lnpsitudipal\ields. hogaieiding reeragingniadaday’s masbappliedt and used

per pendi cul.ar. _diyectian, and .favor perpendicul ar, recordi Thi s

Per pendi cartiaus Ne§Eabes. ey 8in A5 BF Rttt haRePdrliun o 2 prang
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recording nedia are generally recogni zed as supporting nore " stable

hi gh- densditegtiom.c andl ifangpr ppdrpendiculdrarecbrimg. t Tibhs nEedrpereliiudar  diSerPaticntarb b268, 799
S re#at ed to a magng]taiﬂ@ recordi ng and reproduci ng head that records a

si gnaf i riBPaed DXt SESign.<§-gnd| SFIERP eYHEh PERIBRIES RETPRYICWAThavi ng
10 a perqﬁﬂﬁ g | I N ' ecordl .

repr oduci ng]; 'g%gﬁﬁdﬁc%dﬁbg S%gH (?nggﬁgﬁﬁgg‘g&t%no&ﬁﬁc%n%%@r@gn%r%nder
needl e ofstablshigh-densinetecordinpparenathan donpimdirakmetliang coi | wound around the
sl ender needl e for magnetizing the slender needle to record a signal on
the magnetic recordi ng nedium To reproduce the recorded signal

hi gh- f r eqi&natens| £268.789 onaelgiedi © appagnetic trecerdmgnanyh etprodwgems ihnagd 1at

ection to produce a. refl ected, wave, . a a change in the refl ected wave
causeq byestaf Snalinig snE frioaEy & SigPhlng oSt Metrifing Shesun BaRE: ne

SRS s e R o b R
Ul t r ashorihcludes a magnetic sensing section comprising a slender needle of a soft magnetic
material, and an exciting coil wound around the slender needle for magnetizing the
slender needle to record a signal on the magnetic recording medium. To reproduce the
recorded signal, high-frequency electric energy is applied to the magnetic sensing
15  section to produce a reflected wave, and a change in the reflected wave caused by a

leakage magnetic field produced by a signal recorded on the magnetic recording

medium is detected as representing the recorded signal.

C. H.‘ Back et al. describe in their article “Magnetization Reversal in Ultrashort
Magnetic Field Pulses”, Physical Review Letters, Vol. 81, 3251 (1998), an experiment
20  for studying magnetization reversal in perpendicularly magnetized Co/Pt films, whereby
a short but strong magnetic field pulse is used. The applied magnetic field pulse is very
strong and therefore not suitable for magnetic recording. Furthermore, a magnetic

recording head is not able to generate such a strong, high energetic pulse.

Today’s computers store data on magnetic disks in the form of binary digits or bits.
25  Such a disk is rotating when the data are transmitted to the disk drive and processed in
a corresponding time sequence of binary "one” and "zero” digits, or bits. Typical data
rates today are about 30 MB/sec. This corresponds o magnetic-field pulses of 4 ns
duration for recording. The current technologies apply antiparallel magnetic fields or

magnetic-field pulses in order to reverse the magnetization direction.



Magnetic Field Pul ses", Physical Review Letters, Vol. 81, 3251 (1998), an
experinment 20 for studying magnetization reversal in perpendicngﬁ

magneti zed Co/Pt filns, whereby a short but strong magnetic fi el éGTg@Sis
used. The applied nagnetic field pulse is very strong and therefore not
sui t abl e #ah odrpgfeti c recording. Furthernore, a magnetic rauormbpgldsead i s
not able to generate such a strong, high.energetic pul se. Today's conputers
store data on nagnetic disks in the formof binary digits or bits. 25 Such
a disk is rotating when the data are transmtted to the disk drive and
processed in a corresponding tinme sequence of binary "one" and "zero"
digits, oSidkettbe lohdpifcata which has & be stosekhjncsgase sadrematiGily Mbereexs a rpg Jor

ds t tic-field pul 4 durat i djng. Th
Curront 1 GSIGSEHSS HBryine PoETar: AR el 8 Beghsies fola

pul ses in - € %'%? s Z&idvP oftle! BFdWIARKs, "e.8. theC spectD@3 WO
00/ 77776 ﬁ@%ﬁ%ﬁ%ﬁ‘%"?ﬁff@?@ce ﬂe | oad of 0dz;eta whi chS h%g to t?gcstored
i ncreases pys¢alyi tialiteyl, dndefaee ilknee nemd shivable f fogt @ewogemexdticons. | Withech di ng \

processes. Thus, the operating speed of the data storage s sbgps S

i ncr edsi ngonvratiayaldechpelogydhe Fryfrsabsrsed iqiRpihe panosgeepd %S%%fe cfefore a
physically limte a . 1 not suitable for new generations. Wth
the 5 conh%b?l%sﬁ%{ﬂefhen%gorﬁlgé{/&[}%g' reversal speed is in the nanosecond tine
scale. Therefore a much faster technology is required. OBJECT OF THE
INVENTION It is an object of the present invention to overcone the

di sadvant zegﬁip(?f Och'PHErﬂ\ﬂfEIQﬂONl t is another object of the present
0 ovi de @ concep

i nvention for high data rate 10 recording. It is still
anot her object of the present invention to provide a nmethod of perform ng

ul traf ast RANbiecbf M pr&¥RY idSntion to overcome the disadvantages of the prior art.

It is another object of the present invention to provide a concept for high data rate

10  recording.

It is still another object of the present invention to provide a method of performing

ultrafast magnetization reversal.

It is a further object of the present invention to provide a method for ultrafast magnetic

recording.

15 It is still a further object of the present invention to provide a device, a medium, and a

system for ultrafast magnetic recording.



It is a further object of the present invention to provide a nethod for
“ultrafast magnetic recording. 15 It is still a further object otﬂtm 2003
present invention to provide a device, a nmedium and a systemfor

ul traf ast magnetic recording. - 8 OC T 2003 WD 00177776 PCT/1B99101067 -5

SUMVARY ANFP APVIRRAFAGES OF THE | NVENTI ON The obj ects of the i PUBRIBIS®ROGr €
achi eved by the features of the enclosed clainms. Various nodifications and
i nprovenents are contained in the dependent clains. The underlying concept
of the present invention concerns ultrafast magnetization 5 reversal in an
I n- pl ane ti L ayer_having a nagnetization. For achieving ultrafast
nmagnet i za?&g%@@?éﬁ@gﬁﬁq Rel Qslﬁgﬁﬁ INYENAEPNragnetic field or field
pul se is applied approximtely perpendicular to the nagnetization of the

| ayer suc hat.. t he netizati on precesses around the external magnetic
field. TheriS ebikd OMNE‘%&‘FE?‘?? & VEhRY e Eerere! ohe epcloprd plamessi on
suffices (VaghisafddifibRidmRaRS thpRveREnt GMSonlined il @e dbeMBM R1dids  NE

sinpl est case until the magnetization turns out of plane to abotit 20.

Then, the conbination of the layer's denagnetization field and ani sotropy

field corfheetedering rconecrgabf ho@pestnt ddntioh Nontdifs "MEMBLH 2leh@batibn t he
opposite direction. . The nmagnetization turns into the opposite direction

Wit how? t HEVEIRaldp AR in-plags dpagnctized) layer having lhemagnetizatione Fox behiendhg et i
field can he | [ wher e e nagnetj zati on ro es. around the

pl ane for ‘a %{}%F}Hgo%arﬁggrg% %%ﬁ'@‘@‘%&# %Lo%%)ﬁe@ﬁiapagrﬁgc t‘%hmo#e% REl_sc 1s applied
magnet | zatapprosiinaRly Herer®iulirke oo MaghGLARAOLY 1R Y- 2BiaPARA IEL or
opposite direction which means an odd mnultiple of n. THe external magnetic
field, onmM3gncuzHON Praggssts arhond thelexteshad maganaufeldt Thaexaedal alaguaic fiwd of
the magnet.j zation intqg its .directi.on. .In a I axial in-plane magneti zed

| ayer the 'fr8Q é{’?’%‘gﬂegﬁmﬁgﬁgff%ﬂg? é‘bqﬁgess[f)aetl%é‘t {he Tpgnctization reversal, that

10 means in the simplest case until the magnetization tums out of plane to about 20°,

Then, the combination of the layer’s demagnetization field and amsotropy field
completes the reversal process, and turns the magnetization in the opposite direction.
The magnetization tumns into the opposite direction without the external magnetic field.
Furthermore, the external magnetic field can be maintained, whereby the magnetization
15 rotates around the plane for a while, and switched off such that the turn of the
magnetization stops at a multiple of 7, preferably in the antiparallel or opposite
direction which means an odd multiple of 7. The external magnetic field, on the other
hand, should be short enough to avoid relaxation of the magnetization into its direction.
In a uniaxial in-plane magnetized layer the magnetization shows two stable states in the

20 plane, that is either parallel or anttparallel.

The external magnetic field is comparable to an in-plane anisotropy field of the layer
and sufficient to reverse the magnetization, provided the field is applied at about a right
angle to the magnetization in order to exert maximum torque on the magnetization or
spins. This fact shows the advantage that a small magnetic field is enough to induce
25 magnetization reversal whereby less energy for the creation of said magnetic field is

sufficient.

It is an advantage of the present invention that a much faster magnetization reversal can

be achieved since it seems that no fundamental limit exists for the time of reversal This



20 plane, that is either parallel or antiparallel. The external magnetic
field is conparable to an in-plane anisotropy field of the layer _ @d
sufficient to reverse the magneti zation, provided the field is appqaﬁ 2003
about a right angle to the magnetization in order to exert maxi mumtorque
on the nmagpghhFALé on or spins. This fact shows the advant age-t/ b fees el |
magnetic field is enough to induce 25 r_r%gnetization reversal whereby | ess
energy for the creation of said nagnetic field is sufficient. It is an
advant age of the present invention that a nmuch faster magneti zation
reversal can be achieved since it seens that no fundanental [imt exists

for the tiumrafaft maysnialion Tdvessat, Br @XsTanee0CanV 6 Qoilizedl’ forPad gt 9e0d itng. 6
ultraf ast magneti zation reversal, for instance, can be utilized for

magnet i ¢ _ridighrdaimgte raqogingiamuchy faster thasciQMAysecmbresoressieesivle mad aowmmd sec,
becomes feasicoLe iaNd:Ald Y 8P gall X1 @‘Pets%necfﬁé‘ﬁ;?%g' L%}%ge °fc8§§l§$}g%1g :}Eﬁ e and

present invention I Apréves c usi vel t échnol ogy ©

can be utikémrRibdyolof! andi kisdadaaland e didduibized 5foPeId@:?ﬂﬁ|diﬁbA| 3Ecdrmgr @k Ng.
When the external magnetic field is applied at an angle so that a rmaxi num
tor qued i s pespendicathr aecordiegmagnet i zati on, then the advantage occurs that the
physi cal effect of the wultrafast nagnetic reversal can be exploited at
best. This_can be achieved if the external magnetic field js applied
essent i al |'Yhp threpxipmal mageeicr iedd g aprlied i 1anoangle; 0 (that| i MaRERPIE AQMINE dgeous

i f the exter i ' e ' and
135 to t heeg(ﬁﬁgnggﬁ ggﬁa gﬁ?‘%ﬁé’i’l@gﬁ{l%ean&?ﬁéghggf@gﬁglﬁht2@8h@fgl?cgﬁ ?Iﬁ‘g{lao fﬁg%s not
need to bailahfagnaskRiiagéveysal bin bhexpginid &heX This"@in beBghRVEE iff the kfelsal
stronger than a gginetlc ani sotropy field of the in-plane nmagnetized

| ayer, andnagiietc fisklis appliedgssentialiyaperpenshiculasdo therrpgnetizaiginetic fi el d
10 It is also advantageous if the external magnetic field can be applied at an angle between
45° and 135° to the magnetization, because then the external magnetic field does not

need to be aligned exactly.

If the applied external magnetic field is stronger than a magnetic anisotropy field of the
in-plane magnetized layer, and this means in particular that the external magnetic field
15 needs only Lo be slightly stronger than the magnetic anisotropy field in order to induce
an ultrafast magnetic reversal process, then the advantage occurs that the ultrafast
magnetic reversal process can be initiated by a relative weak external magnetic field.
This field is creatable by a device or a recording head that requires not much power, i.e.
the power consumption of a storage system can be held at low level. This is especially

20 advantageous for portable computers which use a battery.

When the applied external magnetic field is ceased before the magnetization aligns in
the direction of the external magnetic field, then the advantage occurs that the
magnetization turns in the opposite direction according to the present invention and not

in the direction of the applied external magnetic field.

25 It is advantageous if the applied external magnetic field has a small field amplitude.
Since the external magnetic field is only used to lift the magnetization out of the plane

and the perpendicular component of the magnetization gives rise to a demagnetization



15 needs only to be slightly stronger than the magnetic anisotropy field in
order to induce an ultrafast magnetic reversal process, then the advantage
occurs that the ultrafast nagnetic reversal process can be initig E&d% a
rel ati ve weak external magnetic field. This field is creatable bﬁi Jce
or a recoM?¥’Méad that requires not nuch power, i.e. the ROWER99/01067
consunption of a storage systemcan be-lfeld at low level. This is
especially 20 advantageous for portable conputers which use a battery.
When the applied external magnetic field is ceased before the nmagnetization
aligns in _the direction of the external magnetic field, then the advantage
occurs t hakteldnd SUREGHEN Janpehpieasssion youpd thy Jaer scdemmagagtizationaiddéragidng t o
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only used to lift the magnetization out of the plane and the perpendicul ar
conponent dfsotsmallrdgnstalieady dass gowes ix sufficient @ creatagruch ianatitama\yBag@tic 7776
7 PCT/ BQ%JF? 06?1 ield,  a subsequent damped precession around the |ayer's
demagngt i Z&t§ o PEMST ARG AUACEIPESY 91 & St IMECHET (HE th diSPupled 94
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external magnetic field necessary for nagnetization reversa I's so smal | .

Thus, al r ededgribesisslpavefield smplifufie of enii8StkA/or atat paulsailehghrof@xpsathatiwidthginet | C
5 field and tfurthe‘gpéthe dj acent ranges on a storage nedi um are not

di srupt ed B! amplydrd iesdigent he external magnetic field. For a Co film as
shown in experinments and described below, a field anplitude of < 185 kA/m

at a puls al 1. dt h,.a al f. anpplitude) is sufficient.
When [he ouren sy cRbmALPRehelR i loatf) Lo FBont bR lcaR. S heistt
e. g. het wepps add 1000ps, ah¢h HeQAvaRaget 1R 0Orst RS AEVBEIral@ (266446 2ah BatR:
recordi ng process can be ultrafast
whereby best magnetization-reversal results can be achieved. Therefore, moch more
data or a much larger load of data can be recorded and stored. An appropriately
designed magnetic-field generator, e.g. as part of a recording head, that is able to

generate such short magnetic fields or pulses should be used.

15  The magnetization of a uniaxial in-plane magnetized layer has two stable states; either
the magnetization is directed in one direction, i.e. parallel, or in the opposite direction,
i.e. antiparalle], in the plane. Therefore, the rotation of the magnetization stops at a
multiple of 7z or in one of the two directions of the plane after the external magnetic

field is ceased.

20  When the precession of the magnetization around the layer’s demagnetization field and
anisotropy field completes the magnetization reversal, then the advantage occurs that
the external magnetic field can be ceased before the entire magnetization reversal
process is finished. This helps to save energy and increases the recording speed because
the recording head can be moved already 10 its next position after a magnetization

25 reversal is induced.

The exiernal magnetic field can be applied in the plane of the layer or perpendicular to

the plane. This brings the advaniage that the external magnetic field is useable from



wher eby best magneti zation-reversal results can be achieved. Therefore,
much nore data or a nuch larger |oad of data can be recorded and §;eodﬁdm§
An appropriately designed magnetic-field generator, e.g. as part of* a
recording head, that is able to generate such short nagnetic fields or

pul ses shWwold7g6used. 15 The magneti zation of a uni axi al | REPIBAYD1067
magneti zed | ayer has two stable statesg-either the magnetization is
directed in one direction, i.e. parallel, or in the opposite direction,
i.e. antiparallel, in the plane. Therefore, the rotation of the

magneti zation stops at a nmultiple of it or in one of the two directions of
t he pl aneagpPpedire¢Honsx AOOHEr ad¥yHess & that spavansiopdarseerdingohagde irouldebe

pr ecessi f th | bop arqund the | ayer' magneti zatign field
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the entire nmagneti zation reversal process is finished. This helps to save

ener gy amsagnetrasmagsverba. r ecor di ng speed because the recording head can be
noved already to its next position after a magnetization 25 reversal is

I nduced. The external nmagnetic field can be applied in the plane of the

| ayer or perpendicular to the plane. This brings the advantage that the
ext erhal Ihsgdvanteggdusifithesinyplang hagretiesd lagaCTIQOBey\QBpaakace.g. crystal

PCl ' /1B99/ 01067 . -8 various directi.ons., Anot her. advantage js that .

convent | SRR REES R Qe MIRE b P - ASBEEN BRriglio AHgIHe BeRmBRR zaen

provi ded gdiat clobetd £ ALRANPARL AR 1IE TRIDRGHirsd [ revBAE thd {%sg&tas&rﬁb' eto
create a short magnetic field or field pulse for Inducing ultrafast

magnet i zalideotion earEtsesddcredzed.tSince evadrainihggRiRUatefialtshows a-dalhipiey dognRet hzed

| ayer conprises. nanoggrt icles, e.g. crystal grains, preferably identical
grains, ohe Strgiabiardhalayepshonidbescleciedistrbsthal tishewyhatow lamping constant

10 a. Furthermore, the damping constant @ and therefore the magnetic material for the
layer can be adapted accordingly to achieve ultrafast magnetization reversal with best
results. In general, it is the combination of material parameters, depending on the
magnetization, the magnetic anisotropy field, the damping constant, and an
external-field value at a given pulse duration which determine the efficient functioning

15  of the reversal process.

In principle, today’s storage-disk materials are suited for ultrafast magnetization
reversal, but improvements i material science will provide more suited materials for

ultrafast magnetization reversal.

An in-plane magnetized medium or layer can be part of a flexible disk, a hard disk, a
20  1ape, or any other device capable to reverse its magnetization for recording and storing

data.



factor close to 1, because then the magnetic field required to rﬁgﬁrjigthe
 nmagnetization direction can be decreased. Since every magnetic g i
shows a danping constant a, the material for the |layer should be selected
such that it shows a | ow danping constant 10 a. Furthernore, the danping
constant avapu7tierefore the magnetic material for the | aydiCEBIS/DEG?
adapt ed accordingly to achieve ultrafasi. magneti zation reversal wth best
results. In general, it is the conbination of nmaterial paraneters,
dependi ng on the nmagnetization, the magnetic anisotropy field, the danping
constant, and an external-field value at a given pul se duration which

det er mi neGA9ssa®t fi ci ent functioning 15 of the reversal process. In
principle, today's storage-disk materials are suited for ultrafast

magneti zation reversal, but inprovenents in material science will provide
nore suited materials for wultrafast nmagnetization reversal. An in-plane
magnet i zedhedalloving arel infpemakdaiinitionp ig gidan the yndsssandimedif she deschptien.di sk, a
20 tape, or any other device capable to reverse its magnetization for
recording and storing data. -60CT2003 WO 00/ 77776 PC1'/1B99/01067 -9

G ossary The following are informal definitions to aid in the understandi ng
of the deggription. M- magnetizatiqn i ch.indi es the alignnent of
spins M = saturatngﬁgﬂ%'&ﬁg??'z‘%}flﬁblﬁlglcge\é% O%gn&gng%spbngm tenperature MS =
1.7 T 5 Hex - external magnetic field HA - magnetic anisotropy field HD -

demagneti zing field . L.
g ﬁl 3 g - saturation magnetization; e.g. for Co at room temperature Ms=1.7T

5 Ha - external magnetic field
I} A - magnetic anisotropy field
I} D - demagnetizing field
a - damping constant
9 - angle between A} and I—:I
0 © - angle between M and the plane of a layer

Ho - permeability of vacuum



a - danping constant a - angle between Mand H 10 O - angl e between M and
the plane of a layer /10 - perneability of vacuum- 8 OCT 2003 VO g 2@@
PCTI 1 B99/ 01067 -10 DESCRI PTI ON OF THE DRAW NGS The invention is descrl d
in detail belowwth reference to the followi ng schematic drawings. FIG 1
shows a t NWY@&VHi7aensi onal illustration of an arrangenent ac®STABAYO067 5
the present invention. FIG 2 shows a-tjbr-ee-di nensi onal graph of a

magneti zati on reversal according to the present invention. FIG 3 shows
the z-conponent of FIG 2 in nore detail. FIG 4 shows the x-conponent of
FIG 2 in_nore detail 10 FIG 5 shows the y-conponent of FIG 2 in nore
det ai | . ADESGRIFTIQN @6 THE DRAWINEGSsake of clarity not shown in real

di mensi ons, nor are the relations between the dinmensions showmn in a
realistic scale. - 8 OCT 2003 WD 00/ 77776 PCT/IB99/ 01067 -11 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Wth_general reference to the figures and with
speci al r éPeriBYRigiopgs deesribed tin de@d el avith sefeicacqie thy folloyying sahdrastic

ul traf ast d}:g;ggggl c recording according to the invention is described in
nor e detal

FIG.1 shows a three-dimensional illustration of an arrangement according to
5 the present invention.
FIG.2 shows a three-dimensional graph of a magnetization reversal according

to the present invention.

FIG.3 shows the z-component of FIG. 2 in more detajl.
FI1G.4 shows the x-component of FIG. 2 in more detail.
10 FIG.5 shows the y-component of FIG. 2 in more detail.

All the figures are for the sake of clarity not shown in real dimensions, nor are the

relations between the dimensions shown in a realistic scale.



5 At first, sone basics, in accordance with the present invention, are

" addressed. In conventional nmagnetization reversal as practiced %ﬁgf? ;
reversing field is applied antiparallel to the direction of a ﬂg tion
M The correspondi ng reversal speed is in the nanosecond tinme scale. If an
ext ernal M@B®TI786 fi el d Hex inducing the H nagneti zation reverymI0N67

appl i ed about perpendicular to the magngtization Mthen 10 according to
the invention much shorter reversal times are achievable. In a nagnetic

| ayer or film a demagnetizing field HD hel ps the externally applied
magnetic field Hex ti to induce magnetization reversal. Therefore, a weal:
magnet i ¢ el AlHER DESCRBTIONOFddEINYENSTINnet i c-field pulse H, , is
sufficient to reverse the magnetization Min an in-plane nmagnetized |ayer
or film en a s&g{? magnetic field pul se Hex provokes the 15 precession
of the ma\c?g!é? iBSRgr ’Eﬁf’t[odf‘e lﬂ'éfeﬁlaa%éwwf spegRial mi%rénce itorﬂﬁalelndxgrféﬁ@nziahg
field HD| r .of 1 . V\hen

t he exter n h%%%z& %ﬂ?énéﬁgll Biﬁf“f*ﬂp ett]é)tréeérb?ﬁhﬁgt eggr fe Y&

field HD @sstribedtignoid detailbslotvt opy field HA persist and the pr eceSS| on of

t he magneti zati on M around the superposition of the demagnetizing field HD
and the magnetic anisotropy field HA 20 conpl etes the magneti zation

rever sal profistssoma habics Pearwetdapce mayn el pad:sbntninvexrmImadreiaﬂdrmm:em Wwith

magnetlcfleld ul.ses Hex of a fe | coseco dyration, but with small
(el amiPPBUET PR Sra e 3 P PRSI (o B Va8 el iy PP HA
These field. a Illtlrljrgaare wthin re E%’(F)uf conventional thin-film
recordi ng aﬁté% L0 Yy ’é?‘i“@n )?é?la&&c&‘%?”cc'& SerstrRondmg rexensak speed iy er sal

process has LS%en made of .25 Co with a thickness of 20 nn+» Two types of Co
| ayers ar & ud&qnaSEEPISk tips Shalex i pin eatesprlammagnetgnifisdd rdpyinducingeths! ane

of the layer. One Co |layer, hereinafter referred to as - 0 O C T-2003
magnetization reversal is applied about perpendicular to the magnetization M then

10 according to the invention much shorter reversal times are achievable. In a magnetic
layer or film, a demagnetizing field I_-:T p helps the externally applied magnetic field I} ex
to induce magnetization reversal. Therefore, a weak magnetic field I_'} ex > also referred
to as magnetic-field pulse ﬁﬂ , 15 sufficient to reverse the magnetization ﬂﬁl in an
in-plane magnetized layer or film. When a short magnetic field pulse }'-;( ex provokes the

15 precession of the magnetization A} out of the plane of the layer, the demagnetizing field
I;’ p 15 nduced that points normal to the surface of the layer. When the external
magnetic field pulse f}ex is termunated, the demagnetizing field I} p and a magnetic
anisotropy field I?IA persist and the precession of the magnetization ﬂ} around the

superposition of the demagnetizing field Hp and the magnetic anisotropy field 1} A

20 completes the magnetization reversal process. In this geometry, magnetization reversal
is induced with magnetic field pulses H,, of a few picoseconds’ duration, but with small

field amplitudes which are comparable to the magnetic anisotropy field I} A . These field

amplitudes are well within reach of conventional thin-film recording heads.

A magnetic layer used to demonstrate the magnetic reversal process has been made of
25 Co with a thickness of 20 nm. Two types of Co layers are used, both of which exhibit a

uniaxial anisotropy in the plane of the layer. One Co layer, hereinafter referred to as



WO 00/ 77776 PCT11899/01067 - 12 Co I, was grown by sputter deposition at
40C onto a 10 nm Pt buffer deposited at 40C, which was grown ingpcpmm a
5 nmPt/0.5nm Fe-buffer deposited at 500C onto a MyQ(110) substrate. e
other Co |ayer, hereinafter referred to as Co Il, has been produced by

el ect ronYR8¥MY @V aporation onto a 30-nm O buffer |ayer at 3DOWIBYOHSTON 5 a
MyQ(l 10) substrate. The saturation nmagnetization for Co at room
tenperature is M5 = 1.7 T. The strength of the uniaxial anisotropy field HA
in the plane of the |ayer was determ ned using the magneto-optic Kerr
effect. The values are 168 and 160 kA/mfor Co | and Co ||, respectively.
The sanpf®sl Y#agronwhhy spytier deppsitioq iy 485C) ente A 80 nowBt bulsapéepoditedoatan

ort e el A3 Rt ol 5 iy Syl GHAUER 4 e

hal f maxi mum ussi an ape) by us

Af t er war dsMgO(1 MBSsulltfe NTheditfedalo Rykd, MeteiffE@n @éfeAal it6Rs (Y B $ad been
corresponds to a nmagnetic field Hex of about 184 kA/m Towards | arger

magnet i cpradsiced by glectropibeamaeyaperatien ontoua 30-amyCr hoff@ddyer 26300%h dis8%d kA/ m

The gneti zati revers wor ks _best if approximately Hex 1 M i.e. with
an 1 anﬁh\ggﬁgl&géﬁb%‘% € Sratipiymasistizalinelof (& 3tdpamdemperapsg isddy i s

near maxinmum No fundanmental |imt seens to ez}g{st for the time of ultrafast

magnet i z&t}-&rf- Thestreagth of Wedwmtap%ﬁapp)ﬁﬁglﬁ nziaﬂh%nlanrgoéﬁ@alhyqr Meast or que
[ | | hi t t ' t
ever sal HPEREES ush S phefaRton Ko 2B, Hhe SRIEDC G N T B BE, ¢ o

IS gover god 4 CdH, fsgp@;tm;l}energy exchange between the lattice and the
magneti c system Thus, the spin lattice relaxation tine is the rel evant

time scale for conventional magnetization reversal. A calculation for the .
ul t r af asTheesgmpleisz diat omearsvEo slalayem and €€ &F layeredenaséxpgsédieo an external
Landau-Li fshitz equation for each individual particle,

10 magnetic field H. of 2, 3, and 4.4 ps lengths (half width at half maximum of the

Gaussian shape) by use of an electron bunch. Afterwards, it was determined that a first

magnetization reversal corresponds to a magnetic field H,, of about 184 kA/m.

Towards larger magnetic fields, multiple reversals occur, e.g. at 224, 264, and 352

kA/m. The magnetization reversal works best if approximately H., 1 M, i.e. with an

—

15 angle between 80° and 100°, and therefore the torque T = H, X M is near
maximum. No fundamental limit seems to exist for the time of ultrafast magnetization

reversal.

In conventional magnetization reversal the torque is equal to zero. In this case, the
angular momentum induced by the reversal process must be absorbed by the phonon
20 lattice, a process that is governed by the rate of energy exchange between the lattice
and the magnetic system. Thus, the spin lattice relaxation time is the relevant time scale

for conventional magnetization reversal.

A calculation for the ultrafast magnetization reversal can be performed using the

Landau-Lifshitz equation for each individual particle,

25 g}f—z—lyl(ﬂ}xﬁxo;)+ﬁ(ﬁ}x%



25 dM= -- f y I (Mx H,,)+ M (Mx- ) - 8 OCT 2003 WO 00177776

* PCT/ 1899/ 01067 -13 The. Landau- Li fshitz equation assumes precessi o8 067 2003e
magneti zation Maround the direction of the sumof internal and external
magnetic fields: H10:=H,, + HD + HA, with y being the gyromagnetic ratio
with y = WOR273_ 106 m As, and rel axation of the 5 nmagneti ZQIBA/MO6Nt O
the field direction described by the dihwpi-ng constant a. The danping
constant a should be small, that means that appropriated materials for the
| ayer should be designed and used, in order to achieve best results for

t he magneti zation reversal process. Fromthe physical point of view, the
phenonenon of ultrafast nmagnetization reversal 10 can be explained in a

t hr ee- st ameMd@au-Udhitngq@at RAGREGMEs breetidiubs the HnagnetibfidiRAN 8idvadtihon M
precesses around the magnetic -4 y field H out of the plane of a |ayer or
film As dimetioneefribe suratol dHemial awaxemplanpgnetic fiofdst he | ayer the effective
demagneti zing field HD increases, since an angle O between M and the pl ane
of the layer increases: HD = (M510) sin 0. \Wen the magnetic field 5 H,
ceases to exist, the magnet Hzat+=dd . Mcdifipi mulds to precess, but now around
HD + HA . The maxi mum angl e Q assuned by the nmagnetizati on M deci des

whet her the nmagneti zation k reverses and whether even nultiple reversals

can occumwitliTpéaing tthe gpmameenedatadtonwith et §:3342i 108 e, ahd rdlexaion oFasy
magneti zation directions or states. This final step can be slow 20 FIG |

showss a tougaetightiorn¥f Divall the Iflels Uiratiomdekribed &Y rtﬂélgﬂﬁ%mg ESHistdRRgNeThe
recording wusing ultrafast nagnetization reversal. Fl | depicts a
cuboi d- s kiappthgpamstast a ahaelild be lsmall, that means that appropriated materials for the Jayer

should be designed and used, in order to achieve best results for the magnetization

reversal process.

From the physical point of view, the phenomenon of ultrafast magnetization reversal

10 canbe explaiﬁgd in a three-step model.

During a magnetic field pulse H,, , the magnetization M precesses around the magnetic
field H cx out of the plane of a layer or film. As the magnetization M leaves the plane of

the layer the effective demagnetizing field Hp increases, since an angle © between 1\}

and the plane of the layer increases: Hp = (M /1t9) Sin®. When the magnetic field

5 H. ceases to exist, the magnetization M continues to precess, but now around
Hp + H, . The maximum angle ® assumed by the magnetization M decides whether
the magnetization M reverses and whether even multiple reversals can occur. Then, the

magnetization M relaxes into one of the two easy magnetization directions or states.

This final step can be slow.

20 FIG. 1 shows a three-dimensional illustration of an arrangement for magnetic recording
using ultrafast magnetization reversal. FIG. 1 depicts a cuboid-shaped part of a disk 1,
that here is a hard disk | for recording and storing data. This disk 1 comprises a
substrate 2 and an in-plane magnetized layer 3 or hereinafter short layer 3 deposited

thereon. The layer 3 comprises three regions, which for the sake of simplification are




that here is a hard disk 1 for recording and storing data. This disk I
conprises a substrate 2 and an in-plane nmagneti zed | ayer 3 or hereinafter
short layer 3 deposited thereon. The |ayer 3 conprises three regi._cangm 2003
which for the sake of sinplification are - 0 OCl 2003 WD 00/77776
PCT/ | B99/ ®x®@®777776.4 named according to the observer's view, RCHEIRIMIG6RgI on
4a, a mddle region 4b, and a rear regijgn 4c. Each region 4a, 4b, and 4c
has its magnetization M whereby the H nagnetization Mof the front region
4a and the rear region 4c is directed in the same direction whereas the
magneti zation Mof the mddle region 4b is directed in the 5 opposite

di r ect | oman®gezccordng|ite khe objeryers Yipyt p rafit Je2ife d2am duifdle gagionp & ard dcr oss
the mddle region 4b a nagnetic-recording head 5 is_ arranged. This

magnet i c-reacoegipPmgichdiaghsregiompsa.séls and fie tl‘Scﬂlﬁg’éﬂtﬁag@hg%at“d}ﬂ@Yt thet is

i ndicated by a coil -/, a body 8, and a power supply 9. The nmagnetic-field
gener at ormagnesizhgore My of ithe froetatkgion (v anh thehearrpien fe if digatedin the salpe 10

| eakage field froma gap 10. Any other type of magnetic-field generator or
head, e. glirextish gherepoltke megdetizagion b of abe imddle amtgionh4l ebydireatedaini dms of
the arrangenent are H possible. The magnetic-field generator 6 is capable
to créat copisie difggiifax i c fields H,, or magnetic field pul ses Hex in
y-direction in order to induce magneti zation reversal in y |layer 3 as

o cosecorVeh s & whhar SIS i athe SELR P B BEmatE gl o 1O
stronger HRafuN8cGlif 8tdd 9fis tapx%nééwel"ﬁjssnﬁgﬁﬁﬂ:nﬁ'&bﬁ' heft 5 Wovngrised d Ha -

As can be seen in FIG™ 1, an external magnetic field x has. been created
by the  magnetic-field generator 6 that is indicated by a coil 7, a body 8, and a power supply 9.

The magnetic-field generator 6 is here a ring head in which the magnetic field H.; is the
10  leakage field from a gap 10. Any other type of magnetic-field generator or head, e.g. a

single-pole head, can be used instead, whereby variations of the arrangement are
possible. The magnetic-field generator 6 is capable to create short magnetic fields H o
or magnetic field pulses H . in y-direction in order to induce magnetization reversal in

layer 3 as described theoretically above. The magnetic field pulses M. are in the

15 picosecond timescale, preferably between 1 and 1000 ps and slightly stronger than the

strength of the layer’s 3 magnetic anisotropy field H4 .

As can be seen in FIG. 1, an external magnetic field H,; has been created by the

magnetic-field generator 6 that travels through the middle region 4b of disk 1. Thereby,
the external magnetic field I}a is applied in the plane perpendicular to the

20  magnetization M of layer 3. After the magnetization reversal in the middle region 4b is
initiated or fulfilled, the magnetic-recording head 5 can be moved across the disk 1 to
the next recording position. The magnetization reversal is shown in more detail with

reference to the following figures.

FIG. 2 shows a three-dimensional illustration of a reversal of the magnetization M, e.g.
25  as indicated in FIG. 1 within the middle portion 4b. Thereby the align-movement of a

single spin is considered at various positions 1 to IV. The movement is depicted as a



magnetic-field generator 6 that travels through the mddle region 4b of

disk 1. Thereby, the external magnetic field Hex is applied in the EI ane
perpendi cul ar to the 20 magnetization Mof layer 3. After the meyth8CT 288§i on
reversal in the mddle region 4b is initiated or fulfilled, the

nmagnetic g head 5 can be noved across the disk | topcife @68?
recordi ng{;',g) f’??@n The magneti zation reversal is shown in nore d%)t all with

reference to the follow ng figures FI G1°2 shows a three-di nensi onal
illustration of a reversal of the magnetization M e.g. 25 as indicated in
FIG | within the mddle portion 4b. Thereby the align-novenent of a single

spinis c 2 TRURRER Y- dx$s, ARPIaCt ed
A R o AR T e R i i
three- dl neasisORal theaake bhahdersasdisg end congificsiiongthargraphaddéssribes the andtion and a

z-axis. For the sake of understanding and sipplification ap
descri besof ke TRANSHZALON VEREOHEYREE | tTf'd’ﬁr%d’f?)"resﬂd’l‘l}eﬁ‘g t ﬁeorggé‘?/é;}sgle

pr ;);,eﬁsofmmgggq;{}gﬁ%fr%ag s ot e ARSBSHEA AR-YURRLOR  S0P9SIG LpRSC gL he

ore an 'ext er nal

magnelc d Hex is | ied t he
posi t b ﬁ’r‘? %Ff%@%ﬂ%@ﬂ“ﬂc ﬁ%}ﬂ? oji %Pgﬁétdzﬁé @%&tﬁa{(ﬁ{ %{}iﬁ}l%s&g ﬁlgnrrent
can be dﬁh%c SRE DuikDiSor UBeH RARSOK ik tho Mabie Quardd) s ahéhméﬂﬂ&:raﬁtné

her eaft er th coor di nat es o the tip of the nmagnetization vector are
denot ed ades[cﬂ.lbﬁj BY tHeorocsdinptes fi= &t y &0, rodson§, whilhby bcmﬂ%@' e Coh@l@i‘ﬁgl e
conponents_x, I S shown versus tine 4..and 10 FI G

respect i vef fhe lnbgf Ehcdﬁ%gmt’iz%‘qr‘\/”ch%ﬂfEélFE‘a[eg@St[h@ %r@bWHﬁ“&’é’Bl TERR0i n
G 2 IBELEIREBE e s&eqlgégglgeﬁen&g BN 211t Shdwh deRACHAC i PIG Iie FIGGH, and 1O S.

An extern magneti y the magnetic-field generator
6 as 1 showmIGN3, Elsﬁécuixe]yl Bosifiphs Btb B¢ bxitiang! atahe fpeaphnarendépiniedito #G. 2,
perpendi cul ar to the magnetization M This {Leeﬁ% hfre that the external
magnet i ¢ FPBEPOPR %O thosg ppsitiars | tp L) @ER"%‘E‘E‘ ) &

An external magnetic field H ., , creatable by the magnetic-field generator 6 as shown in

FIG. 1, is applied according to the invention about perpendicular to the magnetization
A}. This means here that the external magnetic field H . is applied in y-direction. The

15  external magnetic field qu ex provokes the precession of the magnetization 1\_’4 out of the
plane x. Starting at position I and [1,0,0] in FIG. 2, the graph shows a slight move
simultaneously in the positive y-direction, depicted in more detail in FIG. 5, and in the
negative z-direction, depicted in more detail in FIG. 3, to position II. Position II is

reached after approximately 2 - 4 ps. At this point in time, the external magnetic field

-

20 H., is ceased or terminated. No further energy or external magnetic field H .. needs to
be applied since a demagnetizing field Hp and a magnetic anisotropy field H 4 persist
and the precession of the magnetization M by the influence of the demagnetizing field

Hp and the magnetic anisotropy field Ha completes the magnetization reversal

process, as described above. Thereby the graph runs through position II, where

25 afterwards the direction of the magnetization M has changed to the negative
x-direction, runs through a loop, and comes finally to position IV having the
coordinates [-1,0,0] where the magnetization reversal process is complete. After the

mentioned loop, the graph describes a spiral-like movement before the finally position



y 15 external magnetic field Hex provokes the precession of the

magneti zation Mout of the plane x. Starting at position | and_@ﬁQ}fﬁsin
FIG 2, the graph shows a slight nove simultaneously in the positiVe
y-direction, depicted in nore detail in FIG 5, and in the negative

z-di rect i¥R,00g&Fcted in nore detail in FIG 3, to positionPCTas®uE0éi on | |
Is reached after approximately 2 - 4 ps- At this point in tinme, the
external magnetic field 20 Hex is ceased or term nated. No further energy
or external magnetic field H needs to be applied since a demagneti zi ng
field HD %pd azgﬁgnetiq_anisotrpp field HA persist and the precession of
the magndt 2arshed Bysitier IVhmdicalss cthefseeprd gtablegsiatd 2nd chere ghel re@rsald t he
magneti c gﬁgtropy field HA conpl etes the nagnetization reversal process,
as descri'bed above. Thereby the graph runs through position Ill, where 25
afterwards the direction of the magnetization M has changed to the negative

x-direction, runs through a | qop, and ¢o finally to position IV having
the coorli g &8¢ that d?’%}e ?(]e’%fﬂ&%@‘ﬁaéﬂgf Heais Grittaiped.oa raliee o the
conplete. After the~ nentioned | oop, the graphk describes a spiral-Ilike
moverent TRRENSHZAUGRM froxnd yhegxieralymagnegic Geld H .2 00\ W5r0 0neEmy Agund the

PCTI 1 B99/ 01067, -16 IV _.is reached. Position IV indicates the second stable
st at & and-#Egcsionfan he\qhseryrd. Lases rotavion arglesnel e geagnatizationeMe gancalstabe
magnetic field H 1is nmintained, a rotation of the nmagnetization M around
t he ext eraghicverhdersecof aestepng emi¢rohl mageetiveficld Heoudd viee &f w- slicesssful on can
be observed. Large rotation angles of the magnetization Mcan also be -t
achi eved rpyersal ethefrotation rad e magretinatiomddystops et 4n eddimdltiple of nr. Th @enezhl, a
successful reversal, the rotation-of the magneti zation M stops at an odd
mul ti pl e so¥erdy turhmofyBrremagnetization M are possible depending on the properties of the

used material, in particular its damping constant @, the strength and the duration of the
10 external magnetic field H., , before the magnetization M lines up in the direction of the

magnetic field H . if this is maintained for a longer time period. Therefore, the ultrafast

magnetization reversal process can be adapted accordingly.

FIG. 3 shows the z-component of FIG. 2, labeled here by Mz, in more detail. The
depicted positions I to III correspond to the positions in FIG. 2. The graph in FIG. 3 is
15 depicted over a tiune axis t and describes a building-up transient oscillation which after

approximately 500 ns turns back to zero. As mentioned above, position I is the starting

position. At position 11, the external magnetic field H ., is ceased whereby this short
field-utilization is sufficient for inducing the magnetization reversal process. Position II1

indicates the magnetization reversal before the graph describes the spiral-like movement

20 as shown in FIG. 2.

FIG. 4 shows the x-component of FIG. 2, labeled by Mx, in more detail. The depicted
positions 1, III, and IV correspond to those positions indicated in FIG. 2. The graph in
FIG. 4 is depicted over the same time axis t as in FIG. 3 and describes the
magnetization reversal from position 1 which indicates a positive x-direction to position
25 TV which, on the other hand, indicates a negative x-direction, whereby after passing the

zero line at position I1I the graph oscillates until it reaches position IV at approximately

300 ps.



several turns of the mamgnetization M are possible depending on the
" properties of the wused material, in particular its danping const.aﬂrqt'[amg he
be

strength and the duration of the 10 external nagnetic field H, , ore the
magnet i zat .0 ines up in the direction of the magnetic fi H if this
is maint 2‘?"%@%&“ a longer time period. Therefore, the ul trgih.g"?”mw“
magneti zati on reversal process can be-ddapted accordingly. FIG 3 shows the
z-conmponent of FIG 2, |abeled here by Mz, in nore detail. The depicted
positions | to Ill correspond to the positions in FIG 2. The graph in FIG
3 is 15 depicted over a tinme axis t and describes a buil ding-up transient

oscillati i ter approxi ly 5 rns back ro, As

nent i oned%‘\é\géﬁ%%{;}fct:f'g?lmggl?eg{f’ Egi(g‘t %rlfgeﬁ@‘ilﬁp’ml% HE dﬁ{aﬁpﬁﬁq%ﬁtqdl , the
external peGfGsi T ahi elid cblg¥sposid aBagRUpYIRIRDY F1T5.S2 STMRE toraptl @ E16L I §zat i on
is sufficient for inducing the nmagnetization reversal process. Position Il
i ndi cat esdthigcduyercthiczsamedmea auet sain BE. & and hend shphs g ekssicd dnilding-up
spiral-like m)vemaﬁhtﬁ. 20 ﬁs shown in FIG. 2. FIG éFsh%ws t he x-conponent
of FIG 2Urapsig sgligljonThe graps, damebippsitiond. qups treveh pesitpn dils which ||
and 1Y co Nghet @ S i t] pNdjga j.n . ar, JaN

PG 3 i o deatar i’ Dighat poRRs driiiude Sl iither Muiplah 33 RS IRENED, ¢ e
magnet i zaamplirude befosathefouore gsodiates back todeireh | ndi cates a positive
x-direction to position 25 1V which, on the other hand, indicates a
negative x-direction, whereby after passing the zero line at position II]

t he graphAsgen|beatcad frpmithe F¥G$- ehtthés thsomiaghesizalion sevessapisofinatiyt edrpple00 ps.
- 80C 1;@(%3 o 00/ @%PC;I’/ B99/ 47067 - 17.FI G Sﬁhows theniéi-.co onent
of FIG 22 af B K™ RS norFE e FREREWEh Fefes BEBSst i AsitRtedng | |
correspond,ithplgpbﬁ);@@@ieuj@naﬁsn FIG 2. The graph in FIG 5 is

10 As indicated above, several turns of the magnetization M are possible depending on

material properties, strength and duration of the external magnetic field H,,; . In such a
case FIG. 4 would be similar to FIG. 5 where the positive and negative amplitode is

alternating. A simple magnetization reversal is preferred since this is the fastest reversal.

The embodiment can be varied in that the strength of the external magnetic field H ., is
15  varied in combination with the switch-off times. Further, the material properties of the
in-plane magnetized layer can be adapted in order to support ultrafast magnetization

reversal.



depicted over the same tine axist as in FIG 3 and 4 and shows a cl assi cal
~building-up transient oscillation. The graph starts at position I, r%ia

t hrough position Il which 5 indicates the highest positive anplitﬁa@ @B
further through a highest negative anplitude before the curve oscillates
back to zero. As can be read fromt FIGs. 3.,to 5, the magnetization
reversal is finally conplete after ‘SEPISRCREEPY 500 ps whereas the
magneti zati on reversal process is initiated wthin approxinmately 2 - 4 ps.
10 As indicated above, several turns of the nagnetization Mare possible
dependi ng oncwipvisal properties, strength and duration of the external
magnetic field H . In such a case FIG 4 would be simlar to FIG 5 where
the positive and negative anplitude is alternating. A sinple magnetization
reversal is preferred since this is the fastest reversal. The enbodi nent

can be varied in thgfod SR | taghemﬁoﬁ?fé&rrm'-ug?gggﬁérgeh@%@z@d 1%% 15

varied in conmbination wt h-of f tines. erra

properties of th) \mﬁanwem%ﬁtﬂg%é@%?ﬁ%&%adapt ed in order to

support ultrafast” magnetization rever 2003 Repl acenent sheet
CLAIMS 1. A net f ' | Zat | v, | N | A

magneti zed | ayegﬁﬂgﬁg\mﬁﬁﬁ&gﬁé&g%@ggﬁ ?doﬁ% Qéglotir%g[rsﬁgfﬁgg%ﬂleﬁg?%gl%# &@?ses
appl yi ng an external, magnetic, field. Hex .sggch_t hat..sajd neti.zati.onyM.
pr ecesses5al 5 ar oﬁ'ﬁ%}mgaslaﬂp %é?@@ngfa%nnga{bc:@%lficgﬂ ?érfcgsql%g eﬁ%ﬁf’ﬁ?&i’%‘%?&#‘ﬂf ex 1
magnet i ¢ fiel d ldeeh befofeaif thagfloffion i IRATRIded! | on reversal is
finished. y 2. The nethod of claim1l, wherein the external nagnetic field

Hex is applied at an

2. The method of claim 1, wherein the external magnetic field H,, is applied at an

angle with respect to the in-plane magnetized layer (3) so that a maximum torque

T is exerted on the magnetization M.

10 3. The method of claim 1, wherein the in-plane magnetized layer (3) has a

demagnetization field H p that causes the magnetization reversal.

4. The method of claim 1, wherein a damped precession of the magnetization A}
around the layer’s demagnetization field H p and anisotropy ficld H4 completes

the magnetization reversal if the external magnetic field H ., ceases.

15 5. The method of claim 1, wherein the applied extemnal magnetic field I;V ex is ceased

before the magnetization M aligns in the direction of said external magnetic field

-
Hex .

6. The method of claim 1, wherein the external magnetic field H ., is applied at Jeast

at an angle between 45° and 135°, preferably at least approximately perpendicular

20 to the magnetization M.
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angle with respect to the in-plane nmagneti zed | ayer (3) so that a maxi num
torque T is exerted on the magnetization M 10 3. The net hod - of cI

wherein the in-plane magnetized |ayer (3) has a H denagnetization erPE Il-ﬂg3
t hat causes the magnetization reversal. 4. The nmethod of claiml, wherein a

danped precession of the rragnetlzatlgggllly#erﬁl ngslfi’ée‘?“”d the layer's

demagneti zation field HD and ani sotrop HA conpl etes the
magneti zation reversal if the external magnetic field Hex ceases. 15 5. The
met hod of claim 1, wherein the applied external magnetlc field Hex is

ceased beforet t& n%g{ﬂ%!l 0%%5&1 nl l\a:l?éréx%mﬁe EE‘I % Fl@t?é 1014 fo 3% ﬁlﬁ&tﬂ?h{&al

magnetlcfleld erret alm |nt e externdl” magnetic

field Hex is apppit@deaid dlﬁa%a]eq;trefafhbgngétae&et peeid 43000¢s.135, preferably
at | east approximately perpendicular 20 to the magnetization M AMENDED

SHEET -8 OCT 2003 Repl acenent sheet 7. The nethod of claim1, wherein the
external magnetic field Hex is applied at the picosecond tinme scale,

e bty oo B i X, o FUB R 1 L BHBBECHA,

7z. 5 9. The met I ein the external magnetic field HeX|s
applied in the EQﬁz%ne o?)d? I{J’R]-"Vé?z{]e magneti zed | ayer (3). 10. A device

for magneti zation reversal on an in-plane magneti zed nmedium (3) with a
magneti zati on M conprising a magnetic-field generator (6) for applying an
5 9. The method of claim 1, wherein the external magnetic field H ., is applied in the

plane of the in-plane magnetized layer (3).

10. A device for magnetization reversal on an in-plane magnetized medium (3) with a
magnetization M comprising a magnetic-field generator (6) for applying an
external magnetic field H ., such that said magnetization M precesses around said

10 external magnetic field H ., and said external magnetic field H ., is ceased before

said magnetization reversal is finished.

11. An in-plane magnetized medium (3} for storing data being able to reverse its
magnetization M in at least a region of said medium (3) by applying an external
magnetic field H .; such that said magnetization M precesses around said external

15 magnetic field H ., and said external magnetic field H .. is ceased before said

magnetization reversal is finished.

12. The in-plane magnetized medium according to claim 11 comprising nanoparticles,

such as crystal grains, and has a demagnetization factor between 1/3 and !,

preferably close to 1, and an adapted damping constant .

20 13. The in-plane magnetized medium according to claim 11 and 12 being part of a

flexible disk, a hard disk, or a tape.
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external magnetic field Hex such that said nmagnetizatjon M precesses around
. said 10 external magnetic field HeS and said external nmagnetic field Hex is
ceased before said nmagnetization reversal is finished. 11. An i_nﬁ Btflm
magneti zed nedium (3) for storing data being able to reverse its
magnetization Min at |least a region of said gﬁdi um (3) by applying an

external magnetic field Hex such thdtePRsFge Etization M precesses around
said external 15 magnetic field Hex and said external nmagnetic field Hex is
ceased before said magnetization reversal is finished. 12. The in-plane
magnet | zed Mgl WILAGGOTEY Modedc b Bind koffiRIeSAh AFORALH FeBmedishr(3) as
crystal grains; "a fas”a %magnetlza ion‘tactor between I/3 and 1, -
preferably close .,0,1 .an_ adap dagpidil RRAsEANthedd (29 148 apdRén

i n-pl ane nmagnet i%Jz]Eehd an@é?ﬁﬁﬁzg@%@?%i Erllrgptaoﬁlg?%él%m 11 an'gg]l%ﬁbe(i jrjlg papimofg gn
flexible disk, a_har i sk Or .a7t hgw;gj - :
Repl acenent shegf‘n’{%gn%gggté%g%d%f‘aﬁn’lgaﬁe icQFEa r |-rglémco rlesslg‘%g%gﬁnd said

i n-pl ane nagneti zed dium.é%l&'th magnet i i.on s i

recordi ng head (E3FT0MaEHHY ?‘ Vgﬂ‘ %‘%S@f‘ﬁ%’ﬁcﬁgﬁ‘é&%‘%f?@ﬁﬁ ﬁquggg%ﬁq}cﬁcgf
sai d nmagneti zati and .spid external nmagnetic field Hex and
sai d ext er nal négl@e'%@{eﬁ?ﬁf:@ v‘%@?@%}g@gg before 5 said magnetization
reversal is finished. 15. A magnetic storage device conprising a system for
magneti c recording according to claim14. *** 10 AMENDED SHEET

15. A magnetic storage device comprising a system for magnetic recording according

to claim 14.

10
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