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WD 2004/ 032145 PCT/ 1 B2003/ 004315 1 Progranmabl e

magneti c nenory device The invention relates to a
woreomny21aevi ce conprising an i nformati on pl anePCT/IB2003/004315

conprising an el ectro-magneticymaterial constituting

an array of bit locations, a magnetic state of said
Programamabdd magnesichin¢mdryalavicon representing the val ue

thereof, and an array of electro- magnetic sensor

el ements that are aligned with the bit locations. 5

The invention further relates to a witing device for

progranm ng a nenory device. The invention further

relates to a nethod of manufacturing a nmenory device.

10 A magnetic random access nenory (MRAM is known

fromthe article: "Curie point witten

magnet orkeiistantion rataTes t'a rhb‘m&y&lev%%@l‘hpﬁ%i-n%'an inféRHALRH plane

of. Applied Physics, Volune 87, Nunber 9, 1 may 2000.
COMpHisINg 38 ClCtrypeAdang s matesiaheapstityting pn array,pf bjf locatearis) s magnetic

i j : i nt_an

satd Sl el (R G epiht B LR NEEe B B elcctro-
magiipec sangorcdléroers titatarefalipinel with ehreibdd locdtionke free

magneti c.l ayer .is.1 rogrammabl.e and.represents the

val ue o?thﬁ%Vf’BP?n FLE@QFT‘? es 1o Wilingdpvigsdar piograswRiga memory
deviekenent s arranged for detecting the magnetic state,

in particular via a tunneling magneto-resistive

ef fect (ThrRyvention fustirer fetatep to davethiodo Bmemifasirimga memory device.

barrier wherein the tunnel probability is influenced

by the magnetic state, resulting in a change of the

resi stance of the sensor element. 1In a program (or

wite) node a strong programcurrent is guided via a

pr ogr ami Haststie cyidonpascessaneraery éNRAMa dmlatowmn ot article:
« : i 2L 16 oShat t. the .
B PR Bleh Ao Rt R PR By 5B 4T §fmphor Applied
Physics; ¢fotieme 87,iitrhbér9e 1 diaye000 0l gehera NERINI@AEB Ralve an array of bit

etic. field and programcurrent. It is to be noted
celisy g bivpeslh Py wbsleqstomies eneorislseany aid,p bt location cqnsituted by a free

mag'}ééﬁdllﬁy&_f Tﬁ@&xtagﬁéticls%; 11RO fatR6S o PRL D %éth{_‘g&%ﬁls t he

evice is WtR or W thoutf operating p
progiRmpbleang ecpresestyitlieavzilee dfahe bie locatien. Thatreadansdd the béhsor element

. acti hortly. after 25 power-on. In said article a

is arifped for Agtecting thE ragne i i MpaieRIeF Hig 3 P ngrpagneto-resistive
effed{ TMR)QClikentlaé Fuidé@@iﬁta't&ﬁ&ﬁﬁg bérridt RYERMHhE Yinnel probability is

. tenperature well above the operational working

influgaerddythe magnefic siate gesuiting innbage dfdhe meisenad of the sensar element.

i S f ' i al whi ch
In a GRGFAEHEMAEL) ol Mol o BraBR HRLL R b e mibraipime circui
and eambéssa tagieetia fERDNRINE eneigh 886! tHRhRAE&C stab atthe ré%bll':\cﬁtive bit

| ocations typically conprisi _ng@a storage fil m of Fe
locatigito2 pyedrfingd velng én acsprdapamwitibextiB41i@B0fiths programming magnetic

field Rd ok 3004345 [ hat the CPWcel | has .

Y pipn%g%gst orégiéésf ﬁofbr%ntoﬁdéh%g}%ﬁ%]\é SR yelgtite ARy type, 1.e.
the vabmtafitige Wt cations dues @1 chariged e dbVioe BwitiNer WRRBUt ¥p&@tihe

anf_jI Vi a CMI{EM conductors such _as a word |ine.

power. Hence the device 1s suitable for devices that need to be active shortly after
power-on. In said article a procedure, called Curie point writing (CPW), for writing the bit
locations at a programming temperature well above the operational working temperature is
described. The Curie temperature is a characteristic value for a magnetic material at which

the spontaneous magnetization becomes zero. The bit cells have a magnetic storage material

at the bit locations typically comprising a storage film of NiFe and a pinning layer of FeMn.
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The tenperature is rai sed above the Neel tenperature
of the pinning |layer. The Neel tenperature is a
wa@eooiosahs t enperature for an (antiferromagneti B¢T/IB2003/004315

mat eri al bel ow which the 5 atgm c nonents are arranged
paral l el and antiparallel to & preferred direction.

It is AbRd MRE BRICEW del1gad a pRiNea 8lofsheTim! TRe véll i@ heate@ bg joul€Réating due
sets the pinning direction depending on the polarity

to cugfent pvelse@uﬁmgh thq memgml@@d VHeqUIReRECasdpeiorsuch apz wgrd line.

he}dgb R Bl o SOBBORTEDE U B POAF Sores
tempei@ueq$ & cHOOR @eﬁﬁ;ﬁﬁratﬁfe(mr blﬂmﬁfe,rronﬂtgnétw’) tneéri 21 ®8Iof \bﬁldh the
inthe article ' Des n, sinmulation and realization_ of
(9]

atomje riamesisaare afenasd pardleband aptiparali¢l i a prferreshiirgetion Hiegmagnetic

R O, G, R O e T ot

of thEQ@@frentAlt i mdtbd thaofhetHi arekstared irdibe inmgnbticaﬂllydlbrd ¢renpcaknte(the

. of the_ bi | ocati has t.o.b
pinnliggayss) B} afroetes HRACPSRICHSEIR) RO Ee ° 7 cBPorent Hop tayer,
as fulthRer 8dsefifed ih théaﬁeleomegi%h Shnulien bAY RAliEAdnldT sBE®@Yh@E8nemory
a storage systemthat has an efficient way of

elenmlt)gm@’the rvgeaklyszoualedé}MR efffeet”thiytZhi 6wag iWang anﬂ@f@hdllwg
t
Nowdfs P AR G Ry T AR S4B B vt o

knoWR 88Vib&is IRt 38 Pfe oLtha bAISALibAShs itdbé Plerdnacd B BESlYRg the
state 20 of said material is programmble or

progsarp graertder ¢ach individpalbattellnr i t i ng devi ce for providing
at | east one beam of radiation for heating the
el ectro-magnetic material at the bit [ocations to a
programming tenperature. According to a second aspect
of the invention the object is achieved with a
wri ti ng Thegfaseitigpan alms@r%ﬁmﬁ IRYIRE trRrRYIdP aRiorage systae that has
an eWididr: 09 %?gh%@ AR S VAo B¢ fhe bRIBGHIRAE g surf ace f or
coopera in th the rntormation plane of the nenory
devi c e Azamfdnigealal fivgt aspan of thennvgenen ticiobjecats dcbrsed with a

- nﬁ%? FYI&? asa ffr% |g ? rg¥ }{e % %sggg%%%gra%gecg%sgb%gqﬂ“ ﬁ the magnetic state

of s4i§ FREGA! I Ro AP 1PrdGamnicivida &pRREd wﬁtm% a@vme for providing

I nvention thée object i's achieved with a
at leastront dean of ragiationdomhepting theedsctrotneagnetit: mtemhptrths bnﬁ docations to

ra the device 30 by heating the
ap“&? nn%ﬂﬁﬁ&? Y& material at the bit locations to a
progr amalcBérdinte arseédtid@syech ofihe lif@atio® e dbRRMsAkchieved with a
radi ati on provided by a separate witing device, and

writingrdevieg forrsogramgniag the mermery dsviceibe Biriag deviga gorpriging a

vy B 530S RSB A B LR B,

heamfg Reag fangenegitihy at Regoaé beans bidadiatidn fdreeamdgethie 2lecBb-magnetic
he bit _locations using an external witing device is
matwétat th pitdoqabieps torfEPTOSHIENNS ISP H Cdevi ce are

According to a third aspect of the invention the object is achieved with a

method of manufacturing a memory device, the method comprising programming the device
by heating the electro-magnetic material at the bit locations to a programming temperature
via at least one beam of radiation provided by a separate writing device, and setting the
magnetic state of the electro-magnetic material at the bit locations according to predefined

data.
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i mredi ately avail abl e. The nenory device nmay be used
for distributing software content which is progranmed
waleomspinmnuf act ure. This has the advant age t hetT/mH20@3/004315
can be accessed 5 imedi ately.3 Further there is a
protection against reprogramrng the device, or
copyi ng Thheffeq of peygrarhmirg the malgacticsstate ag&ledmtcrd:ad at the bit
ecause the r ma ot haye access to a w.i
tocafi 855 4 st i e e A o R atonbe oty PR dgice are
imnfelRitély beRblR. Dhe IBMoPPAREEd Bay b&hsdUsEdstiBlting software content
programmng is not limted by a maxi mum current

whi¢hhis pregiamnied during mapufaetueg. Thisrhas thergsiyartaga that@ata pagbe accessed

1mrr}e?{ygq€f% %%Sr Easg?%poetéé I%H%éllglget 'y %rog%far%%ﬁg}}u%lﬂeﬁ’c% Pglcopylng the

conteﬁd tb& sithidarsosagddevicepbecaliad the Usdh neayRIBAYEe 4e¥dse6 aGditing device.
sed jn environments wth st rong}@ext ernal. magnetic

In a¢4lepra heating of the\hatloraiions er theshengih efithsinagneti¢ Geldaised fpr
|
progz AR im0y BRI RALE b hRBh SIS o DMl fctaPrifhs. Hence a
working tebnperaietel the niagnetlcsnaiemal can ba hightynetsble. Btishas theoadvantage that
ori i sol at ed pat hes of eri al
smaf] nigradt] 1R e BossTbia &7 Byt SHT m GGV R o0 B B lopuizpnments
Wlthtsqohgex&ﬂﬁl {Tﬁgngmtﬂeqﬁg surface of a substrate (called
di on which the device is formed. The inventors
have sed&he itygntiarie atso |’0b$ﬂde<m thefdlpegng fecnaition.alhe knawn magnetic

storaﬁe 91%% Ilsda? §ﬁ§ %2% ov@cget %tggogl{azqszrlng%\;?e @%%ﬁ t'he %n cells that is set
toa m@mamat@ forRlcing daf Hi8! TREREREIPaRhe PHTMMACARN R8BS at a
necessarily has to be performed by the bit cell

specHicigpih eV?lsVzélltff resgset oy ot (op baléaksirfage @ﬁfesuhsfr@ﬁer(ealledrdle) on
I r

Whl(ﬂ)l tﬁg ﬁ%\gﬁ]lﬁe rfcgg Irl;fe}% }I@Etét%)gkteheaggtswﬁxe a{utﬁﬁg&irﬁﬁggp Qltches o% material
can H)e‘amﬁsldervd tb Gomstitye agmgmmﬁgmhﬁm)plraﬂé 1))] ﬁwhéhowm soxt %fa'f@dlevwe the

radj ation beam pr ow ded, by a separate writing _ devic .
mfor@ﬁt}oean ang|ig Rebcecssigley and,programypingmepessaly har"g@rmmf@nned by the

I
it BT Sl 25, R g 3580 LSSt R e i
locationstrhay led setrerd defufedhﬂr@neuixestme)bydlem@he batlscatibes to a
netic sta fthermerlal n the bjt cell to the

prog R edGmSRNIES D8N Friefal iagiadan bFA PRVGsH S scparate wiiting
devié& OftickIdRerds, oD ah BRay 8F ﬁﬁér@“g%nérﬂfefkéﬁtqn Uhe &dIR to be programmed.

witing devi ce opgosmetot bit locations at a
A magngtie field, videdgithershythe svritingrdeeice npbjeg:urtdms ingh¢ elemehts of the

el B 5, R BRI BT Sl e

IS not }tes nsrey daeslgntientistrequifedné 5Hh@ﬂ16tlﬂt%rtﬁ&ee51ﬁ‘f&@e of the
before encapsul ation the die in a housing.

writing (dgyigg opRAsity t the bitlecatinng atrrequireg W@km@stmsm Ge{ample the
LI
oxeabOuE e IR m YL LR A Rh R Rath g

constmftmgmm informatiem plana ischold §6t d@lvergr)drsafied ﬁm@hﬂ ?Wh@@hetah@ before
tions with the beamor multitude beamns

|
encappIiDIRF A 2 PRES DGV ISl the EXCraN TSRS Mot possible by a
specﬁi‘i‘ AR RE 'tHEQieH&@ tiHt Eﬁé(wi]glfoseeéo%‘acf Qet%&p&lte'vgnt&g@e%ce and the

el enment’s, whi ch housin as a protective cove
inforprative m)lann,garWhaQ 6@416@32&1451@@@’ thBBﬁ 026643 iih the beam or multitude

of beams.

In an embodiment the device comprises a housing for encapsulating the array

of electro-magnetic sensor elements, which housing has a protective cover for preventing
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heating bit locations for changi ng said magnetic
state, in particular the protective cover being a
wa@bdodiosmy4Tover. This has the advantage that thECT/ER2003/004315
cannot accidentally or on purpbse change the contents
of the device. Further such a device can be cheaper
heatipgipiy (foca?logf fior gfragingispid dqeaEety Sta@em@culﬁéh@\pnotemge cover being
k | ar ts and
2 IR I heS TR R Bt ol S HURD Qe Bigpose change
the taftentpof the Idlawam Fanthedsuok Iatdeolfce thﬁ‘bedﬁiélapﬁ dnBRr LA R DBher bit

nts [ISe.a secon netic naterial for
den%‘b’nge SR ﬁ‘ﬁgyr&“}gé’f"é}"éerc"éth]é%?dg SRl YRYY lerg @drenitsrandrveite
comfPRAARS Wwithft A Sensof L1EmSRCANTe MBOARL | ¢ material having a

second Neel tenperature that is substantially higher
than a flnesemiedimentofibe deucethefsetsoeclementsicomprigs & kécond

tit t it 1.0 | t
g ofsial ) il seihgP ek et hevias pPisgelarminiy moenetc sate,
the §e‘©8ﬁkﬁfrﬁ§hﬂtﬁ rﬂzﬁélﬁalthﬁﬁmﬁ lals8&oniadde] tenfyPROARLI ML s é’ﬂbﬁgﬂﬂglly higher

affecting the predeterm ned magnetic state of
thang:figsh ¢ plelgmperapire ﬁ%ﬁb@ pleairo-mAgneticastetinkconstitatinggre atriyadf bit

second nat eri al i ns ,
loca#IBffs g;?ggg‘%lsﬁg ? ut'i n%r M & tﬁgﬁrog qn&mp}gftgxingﬁr@&?e fiarte first Neel
tempdra!turﬂi\gnbmut @ft’ﬁttﬁtg&hé)ﬁreﬁél&nﬁﬂné& na ?@ﬂ:@tét@ offThe 8B magnetic

ation constituting

re ts value of the bit
mat ?go is H%‘h‘ﬁ Yaniage thatgheamagnetic ptateqrfshe sepandmateniel remains fixed
condiRGIRLd l?aréhﬁl eticsrege?én%b,g‘%ﬁé)ﬁ)@%agpe@@g?tg 9 ﬁler]?grst magnetic material

require swtching a so
repressdisdbe edué nf thh ditilodationl umtsltlunlngmrsoﬁhﬁerﬁ‘tﬁ‘ﬁllm%&%é read-out
e devi nprises a heat sink

.
of th&l‘%?%‘ﬁﬁ" 8 s t"tgaégIHF‘FW ajdy Ie!aqe ﬂ%ﬁ%wf Biaure AWEFHAS pEasethmagnetic
layePhs 1ﬁﬂfcaieQQ@EHeQH§ocﬁ1@h&9ﬁﬂtthé QPW B'eﬁlohp&e?it ion that is

heated for progranm ng. Thi's has the advant age t hat
bit | océt amwemsbo cthhad@vwﬁmzommsbea beatgnﬂtmlmnierbuéaraﬂe bit

ti o t hat ei ng heate
tocaffofs BPIAERL ik it 105304 pdsablo < b fogetch s hapied for
Maisrtas kheafdvi MBALEN t
T A A AR B

are a&i?&?@ﬁ? éditdrersignitiaiisbemng henteddfey programmimgdilybe at ¢ lowver
temﬂepéé Jﬁlg{heglg:g éhce?risslég)? r{aﬁ\ééljpe%ﬂgeﬁa?n&%nm ﬁﬁ%@%ﬁéﬁ% é)i-E tsuc%eblt

locatﬁmr[snsmlaicm ucidated further with reference to the

enbodi ngnt s descrl bed way of exanple in the
fol | owi Atythey@eeierres %b?d)éﬁantwf thedgyiee aproeding ta the invention are

glveﬁgpﬁ%@Mdggtgglﬂl\gﬁ ngs, in which: 30 Fig. 1 a shows a
progrannmed storage device, Fig. |b shows a

progranmmabl e storage device having an interface
surface, Fig. 1 c shows a programmabl e storage device
having a protective cover, Fig. 2 shows a witing

g e\sflt gre Tgésg g{#g?@%g&% I@fe %ﬁ: %@Qﬁoﬁj%‘ﬂ gggplygig&t i3S B G ucidated
furthexwith pfeGat ©@4B4 smbodiments descnbed by way of example in the following
description and with reference to the accompanying drawings, in which:

Fig. 1a shows a programmed storage device,

Fig. 1b shows a programmable storage device having an interface surface,

Fig. 1¢ shows a programmable storage device having a protective cover,

Fig. 2 shows a writing device for programming a storage device,

Fig. 3 shows a storage device (top view),
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5 Fig. 4 shows an encapsul ated storage device, Fig. 5
shows an array of sensor elenents, Fig. 6 shows a
worzomos2ieel | in two magnetic states, Fig. 7 ShONEB2803/004315
read-only sensor elenent in dgtail, 5 Fig. 8 shows a
read/ wite elenent in wite node. Fig. 9 shows an
opt i cal Fiyy. aghawsu gncdpstilated stbtage dddiae,shows a nenory
devi ce having a heat sink layer, and Fig. 10b shows a
menory E@/ﬁégoﬂéﬁlilﬁ@a)h%fasﬁn%qrﬁl@n&n@nents. In the Figs.,
el ement ; WMai I : ead
descri bgl 'hg\ggwggé{esa lelﬁ%“?e @E{ﬁgg@{ﬁ%’mrgl s. Fig.
1 a shoWie. d showgh acadanhl s tensagdemant it detailhe devi ce has

a housipng 11  containin nmenory .devi ce 12. The
merory By Pobousa RS SRR BVETTR® 1 5 for stori ng
15 dat apfy HShbWs &n SMaEFREAMMBgAEVRY, Of bit

| ocations. An electro-nagnetic naterial is present at

t he bi t Figod6a shaves. a mpwornyadgniseibevisg athgaosinks liyer, and er i al
at a bit.logation represents the | oagical val ue
Eher eof FisradS ShyA BRREREN Be i inadalis et o
In the/Fi &4, reddrh@its Whithe ofréspohid €dlelbments @lrbadyadescribed have the same
el ectro-nmagneti c sensor el enent operating on said
refergpeeenyragralst t he corresponding bit location, e.g. a
read-only cell as described belowwth Fig. 7 or a
read-wite cell as described 20 belowwith Fig. 8. The
sensor elenents and further electronic circuitry are

made on_a _substrate materjal form.ng so-called die
by t echRig&dashus 3 PIOSEINGS BrRege s den dhe dgtice has a housing 11

comgaﬁﬁg AHEMOR, dSHEN 25 VRSP iR ce frf‘ﬁasdiilganiaz o%ﬁ\ebﬁsefg,é storing

el ectrical connections to | eads at provi
databits ok & ngrr¢spondiyg etraxcof bitlakatmins cAm tleomo-snageetidvmaterial is present at

housi ng. he i nfar i hits are epresented b )
the (i lgFeilhs cTecpaghiete SPtq didatarapyali o RGRER tériesehs he logica
valub Her&faNR frdyh¢t tht 18EatlonY EdiistitulesZn thRPMARPIaA 8 Each bit cell has
i@gnctl ons, simlar to normal MRAM This enables to
an ¢

{ke-nzagheled sengor ghenaent aperalngon saadimotenipl atshoegreshendingbit
ul Ly IVRA ible. . T A ] f 1 :
ocafilf o SRMEGRTREN bRy Db LM Lo rsh RalE Rl qeseivea

belologidh FipN8. Tiee fRsqiedafichgdd fuRh&@dtidaicl cdduittyidie ade on a
magneti¢c field, e.g. _at the end of the |IC production.

substrate materal farming a5psalkedidie by teshnighesell koewn Fogksearieanductor

i : . ‘ _

maniARSSyPI SR 0 RELE GLAMEULE! LR G Pk i

13 thanpsovidedioapEng toadng eddctridabcipouitchutdidethy hogsipg Slileiinfoadatidn bits are
ranm ng interfa%ce of the separate it

.ne. t )
repr%@gﬁ;reg g_y magacredgtaleR AL mAteEpk laélaeplrfégelbfnf%%@b&gﬁhe free layers in
the s?ﬁghﬁ}lélggndgﬁ)ﬂ@fﬁhﬂéﬁo htaaﬁalmgmtms GRBIS g&e aRL & factory-

adl at | eans at each bit location I n
progravhimabia réalrorpy aremorattfat sdullyiviveMi-comgatibled may be

oot e bl o e RSB ETTAS rmt ei
to thEeHt/ 1b&EEBASIORARS Srammed in combination with a magnetic field, e.g. at the end of
the IC-production. The information plane 14 is programmed via a separate writing device
before encapsulating the memory device 12 in the housing 11. Thereto the die (at an
intermediate state of its production) is positioned at a programming interface of the separate
writing device. The programming interface has an array of radiation generators that generate
controllable radiation beams at each bit location in the information plane. A first magnetic

field may be generated for use in a first step programming bit locations to a first magnetic
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6 state representing a |logical value O and a second

field in an opposite direction for in a second step
w@eamgnzems ng the bit |ocations to a second nmagPet/iB2003/004315

state representing a logical walue 1. The field is

strong enough to set the nmagnetic state of the
statereepeasertinga logisel vrlue § aatha basand Geld in gpeppesite dirgttinn for in a second

stepvg}h%r%{nggp e%nﬁ 'ge?tlog?&? 454 arrlél §1ah eeq}ces?ag% es%gp E@cagvalue 1.

The@isld & strongp Eﬁcatglhfte sétlthé hﬁg’m‘ﬂstat@cﬁmaé afawsrial htothe bit location to a
anti ferrorm%]rl]etl c material .as expl ai ned below. The

spegifig Malpe while dheqmagnglic matesiabis hyaied 1o p PEPHYMMERG tegIpeEAture, in
parRR S Minbot RO L B Pty BB B el plra i

antlﬁartomagaétlo/matenagascbaplaumd betow. Shaatagdetidhfieldpomiy taisorbierpgnerated by

he witi with respect to.the die.inclydes .
currg}S gAisui HEpER SORSRAAE P Fheqian ot S GfsSiio of e it locations i
proviftd By BF ekfiendBARIng ddeiébce. I n an enbodi ment of the

progranm ng step during manufacture the positing is
cont r ol leid npted thas pasitigniag shegwrling deneeowith ceshedt tothetdieincludes

e Ehled Bl Gencabn HRORIShy Hirvl o Eh g e A Jp on

emHod A BT BR|pRo GhRANAHE stof Hineiey ﬂﬁaxvufa@u@rthe gbsﬁﬁxﬁg'lﬁsféontrolled by
surface. The 15 device has a housing 11 containing a

readigg pignal diame bit eolls gfthe memeis devdcey &rexample yc‘cﬂnfmgéhmgnal
bed with Fig. la. In the
agal‘iel?rt’ggglﬁ%gn%ﬁésﬁ%\%%ﬁﬁgq:i g. b the housing 11 is
pr ovi dedFiglblshews apesprargmibiefsprageaizeice haging anéxtedhdtaurface. The

glgsr amm ng device., The openi ng has precisely shaped
de"'§F hagysyIg H ‘é’é‘ﬂlwﬁg&é“mﬁéﬂﬁ%%ﬂldﬂi“ﬁh heysing generally
comI i ChE ol RALATE Db PHE | 218 oY cr it aRTL Pie, 1b the
housingié is mowided alithganropeningfl 6 tfblere&:meg @n akteorad peoprarhineng device.

fiel d t f
The RREning g1 et FOH B ea iR dsbtnd & THaBisaLr dBmegH 1o
positidnig a pRERARTRE burkdee of E}feq{rd??fhlhﬁf‘n?h&ﬂ@e dvier BRMBIRGaldn plane 14,

a protective |ayer or renovabl e cover part (not
and splgjariye e loae tcr mesahgnmnt ¢feth@b1é meagom@nmmlﬁpid@gnm algments in
{
the b3 BESNAR ThhrBasBE e Fherete ey Pl afrgy n an

embolnéit &R 1ﬂﬁ)rmahdn$pllﬁe isidogered bg a phaIv&tive 19¥e@ 9F BIEREhEVable cover
storage device having a protective cover. The device

partfpat sowBLdpthts jnto élam@mmgri@ heREFASITARIDE ésenof zeqayirgd. In an

emRDebigeorl § SR GHR: OEAEH B lFRFAE OB s

walBddsing 11 is provided with a fixed protective cover
17 for reven i ng any progr.anm ng or, changi ng sai

magnet i €'&H§5RO%T 2 PW@T%‘F‘PZ‘ Ig é'&fqgé qsvige Ba‘ﬁB&@lpfﬁe‘it’rYé CO"er The
deviRk had é)H@lISir%n éﬂn?alﬁﬂg %’fﬁ&ﬁrﬁg gleﬂgﬁg y) tglgig E%tégﬁ@c%oﬁég&nﬁ§ to the

a radi ati eam |In an e
devicedescribad wﬁhﬁng)\hadhdhv\ﬁmhochmen@neml o &gy csin hudingd 1 is

profiRgE HRe o edsedve chier 2 THBLend A ALY ASEDmat onBanging said
maggngt\éigastﬁ l%g%}{é;%rl]ﬂw%a%tioﬂs PRYIchifthe Biti1&GtibAd $ia@h external heating source
such as a radiation beam. In an embodiment the protective cover 17 is provided with a
magnetically shielding material for effectively magnetically shielding the information plane.
It is noted that the protective cover can be put in position during initial encapsulation, of

course after programming the device as described with reference to Fig. 1a. Alternatively the
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course after programm ng the device as described with
reference to Fig. 1 a. Alternatively the WO
wQem40832345 PCT/ 1 B2003/ 004315 7 housi ng as ShOTIB2008/004315
Fig. | b having an opening is ed, and the opening is
closed later, e.g. after the device has been nounted

houﬁﬂg as $howmtif qhg: lleizl*virlgl%ﬂQipgmﬁQﬂs 328, Maehe qsem{ga@memater e.g.
equi pnent manuf acturer. 2 shows witing

aﬂea@v idgwice Bas been groawed og aeprgtt@ﬂ @&@It&@axdc@d has Heen programmed by an
it 21 has a progranm ng surface 22 for
eqm?ﬁ}% ‘?gicq:quh%“‘\l/éhpth the information plane of the nenory
devi ce. Fihe shbwgaamnnlggieumelfomygﬂamhgadtoadgemvme Aay
be coupled to a programm ng sy tem 25 for exanm
ProgERRpUR YN} thPASTPTe BRI AbIE St ? 22rfe iprismeasiipthe laﬁmatlon
e Almb3Ucdde OThI8 ﬂ{n% hig ddm@s@ailﬁé be coupled t
plan%gﬁl ncfH Iﬁe preogfam“n ggléaurfagclel 22. y%%gah radi ati onsy e coupled o
a prggaewmng) sysgin g rfer ertapwplaia camputet tuahing shitahie pfogramming software.

adl n.at the r.anmi.n .0.s a for heat.in
@R et SRR hetiafery HERRE FrelShgrimninE Spsfoce 22.
Each DLt oA LeARRES 26 Gendritad a seMAIIRbRbearh o eidhtidtht the programming
enbodi nent is described with reference to Fi I n

surfage forhentingtiin clectisomagatic wateriad Abthe comepradios %!tdowélon opposite
har PGP 4 BRI SBaimEitas bR Vi P BJHEET T

ar e | oc zmh lnyemh@cﬁtnedt DNorREEENS N Bafrttia ﬂ&ﬁﬁ&o@@bé sppuedahza is not
. a mask having holes correlating with the 15

suffmqntlb/étral@g s verpPitssH 50 tesapefptite; gien the,bi tpubﬁé*(n%qneaﬁe locally
el 5 2Rl SRR O RRIERRES b ATRRLBIs bl e
bit lbmxbiods fHaestentd bmwkﬁers o a lfidst seep WSedte waittznethar thid provdss s repeated
w1t (?psplgtpq?e gﬁg ;}ue% el dslvé??gaqlﬁulrars ttpq%fftegepgglasalfsl S%Bp]fi be used
subéeﬂﬁéftl'y%tfpwoglt@ﬁla@?éii%tﬁeﬁ(% g, At wgtéalY\O*st tthgﬁl)all tT]'s) aAlternatlvely

strong honogeneous~ magnetic field, wth or wt
in a Higstistepalitthtdogation| couklt leamset (eagmdillsﬁms'elqge)my g/stmngwoumeneous

bits t2 ecific | oc wher e S .ar sir .
magdpli® ple P Rn A ko heafiohr Rie RS ape ity obBflngvis
specﬂﬁ@ﬁﬁﬂ@&ﬂs&vﬁet@l’@ afediRired e réverded!  generating a

magnetic field at the bit |locations, for exanple a

coi | or Imapembedisent thagaing davicg hegd magestiedi genepaipred 7 for
gen a$§ gﬁﬁqlcfﬁ%ﬁd tﬂg ng ‘foﬁcaflgr?st {ért%)e(ﬁgél% é‘TC%gP%rg%’reWén‘ magnet. A

smgﬂéﬁ@tnhhﬂg nﬁigheth‘niy beowsat If@fbﬁddvibeahaiilf ftse &ﬂpr,ogﬂiﬂpbﬁ ldcations to
rragnetl c state In a recedi ng ste
onlyppHagle ftafe, etghéft?{rréﬁftm&ﬂlﬁgt logations éo QQlfff‘éerﬁo@?PPF%@Gg‘%ﬂﬁlc state

in a?r&%gih%lgg‘. ng portion having precisely shaped walls 24
or ac B as nmechani cal alignnent for positioning

t he pr odu amembodisent the praPammearg sarfacmlbrsrmsmonecpbml erotruding

14 of .a device to be pr amTed The
POTLQRRfY FIEPTEYSE fiagedaliofer écweasav?f@ﬁﬂl@ﬁkaq'@fi%ﬂﬁbf% ppsitioning
the proSAMg s@tstel vkt 8 thcithatien ﬁfaﬂE 94 oL QETRE B H)é“pﬂo@x%mmed The

programm ng surface. In an enbodi nent the programming
aliguingtis mamrecublagkmma o tm_sonzahgmnemmﬁ per it loagtiomistand the field
gengrator elsémeth 11'11 ﬁ{%ep(%ogrgm?nsiné Surfact 10 2n em%o\clhment the programming unit has
alignment pins 23 for cooperating with precisely shaped holes in a memory device.

It is noted that various other alignment means can be easily designed, for

example an active alignment using a few actuators for moving the memory device with

respect to the programming surface until optimal alignment has been achieved. In an
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It is noted that various other alignnment nmeans can be

easily designed, for exanple an active alignnment
wa@siong3Aa43 ew actuators for noving the nenory deoT/iB003/004315

with respect to the programm gg surface until optimal

al i gnment has been achi eved. In an WO 2004/ 032145
empdimepInisaliguay & de@&c@q&ﬂryoprmmngnlwmn@mm to gecognize the

elec C eco
ool iRy §301c8 0 B B o s e bp dote pipeteen
recagnitie@r andhathiag vithea IR Iﬁ‘{teﬂﬁm 81 Emb6BRRANKE b is measured
th a known pat tern. In an enbodi ment™t
by %ﬁ“gﬁ‘ﬂ ﬁ’@’ﬁi’ga romdhe sanger clasgends w the memesy devdee, or blmatstm:lal sensor
LS

e i (P e s oy B FRIect b fm e iR eferared by
the gestgearnming cblvnogmmmrpredm‘madéldo@tlén elhtﬁ r%@@tﬁ@l&%rbﬁranﬁﬂﬁﬁg surface.
Alt%}gt g{ tg ice on glj{lned ocation with

5 %@ Ry ’i’i‘éf raEFnga memery dexjoe apg axe detgojed by optical

sensoR$ InGlt wiltink Sle®c8 Provi ded on the nmenory device and
are detected by optical sensors in the witing

devi ce. K. shews hcsmaa Gvmedpp Wew). oAEmémory d/evﬁxw)30 i constituted

30. ti,tut
by {REREN AR SR TreB B py 2T ot it sl e devior 3piantended
to imtetfdce. willhthe daritingaieolle |d§sc'n'BE@Bl§’(ﬁ@ Tﬁ&eﬂoqﬁgaé@&ﬁhé@ élhrinterface

the. witing device descri bed above. Theret
surfpce3%that accammedates therarray 8 13%ha ey ise dwowdiderisiaal h@out of electro-

L R T T -

Further the idéd is ponvédddtwith benhdintepdds B8 foRdonastthkad the exiathil erd, e.g. via
is provided with bondi ng pads 3§ for

. the il
wires GRfl ??ﬁ?'ng to the external world, e.g. via 15 wires
and | ea Fi . storage, . .
devi ce. @%g ﬁ%?@éﬁﬁWlﬁgggﬂ?%@%g%%éS@&rg?rg idgvige 301is
encapsuigieddn 4 houding ét. iadterhaldelrls 42 ags propided! ifsle@nhddting the device to
onnecti.ng t ice.to ctronlc circuits on a
elec ?ﬁ“ﬁ g&“‘gsg‘i”c%?rt‘ B%‘&F%“tbﬂ%@eﬁ‘? gxtgmal jeadyid? arp Carvéected via wires to
bondif Pt @CthY inferi¥ry @8vit30 GHGQh Wdﬁ%ﬁ@ffﬁﬂ&% g s'fgar eVéce has an

device 30 (shown in dashed |I nes orage
operipg 43 nxrza@mgptbﬁ inteyfacs smiqmsmzmgfthmemnt}edefvmaosfof Ec&fp@raﬁﬂg with a

dev C 30f r co eratln a
progfimiife AR IR (ORHbES ole i rtsabactynw 1 Bousime has precisely shaped

holeemmhdmepéraﬁﬁg?whﬂlgﬁidﬂg piASoMhE plorBinim ﬁ%ad%@i% hol es 44
for coogeratl ng with guiding 1pl ns of progr anmi ng
devi ce. shews; abaay0f sansozay eUferI@e”ﬁh@arr@ lmssansr elhents 51 in

ts.51 in e tern of
A R TR e ) B B e
columing & d38nenthstage word I2fes 60) BavhSehdde cRhRABMHS IS ra‘:fnlylﬂfa%r stack.
ch sensor elenent shown has a nmultilayer

A Se&%"é&i"meﬂ ég i Hsthewa hakeg opBosiienagnelinstatas inlgyarp pﬁtl’lenmlltllayer
stack'Rf ?ﬁ;rés‘énﬁﬁgafh%%oh %Ll ?thfﬁr whél mbdAg \E%Llint&l‘%%afpﬁ &1&1 aolpglc Value 0. A

representing the contiguration w
sensq>roqianmm55m slioven lilayglgaequall megrtic Atates Qtﬂﬁ@érs@fﬁ{@r?ﬁltl%ef stack for

avi magneti ¢ states in layers of th
reprshEfie 5 S G ERgion fraptriasch bF fgatmevebmiiogiorak dnThe
d1redﬁ@Egns dGREsHdH in"Bnddr BlelehR%@Ving nitifhyer 3@ die Tﬁ%rus%ac}( by using a
magneto-resistive effect, for example GMR, AMR or TMR. The TMR type sensor is

preferred for resistance matching reasons for the sensor element. While the given examples
use magnetoresistive elements with in-plane sensitivity it is also possible to use elements that

are sensitive to perpendicular fields. For a description of sensors using these effects refer to
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30 direction is detected in sensor elenents having a
mul tilayer or single |ayer stack by using a
wore@aesn43s esi stive effect, for exanple GVR, AMITDIB2004R04315
The TMR type sensor is prefegred for resistance
mat chi ng reasons for the sensor elenment. While the
“Magnclemsiebi‘m‘npﬂnws and memagyaiyoK el . Ht Letessal, asypulilshed inli‘Frontiers of

ensitivjty it_]J I 0SS t e
Ml RE NG St e &2 192 TSENDGRFARAFec B F pel-4g20-0561-x
(PB)FBhsid 6tid Sfdcysueh as%ﬁﬁ@&&n%%ieﬁgnta?@ée%cﬁﬁé@&} Sxdn1€1n the
to WO 2004/ 032145 PCT/ | B2003/ 004315
book' W@@d&m dMagaeiise’ yelebo Csarzﬁi@ ISBNd}-§40-5¢532-6,Nn particular in
h Sep nﬁépfbllshed in "Frontiers of
“hap rf? Y oral Nanosystens", page 431-452, | SBN

1 4020- 9516(% terrédBntatibn 4f 0 Bts Qb ot diff&knt fRRSibiities. So-called
gnetic effects such as antjferromagneti smare

pseugepin V3EteS COMPESGTA Errprmagngiic lpyssxthabyyitch theipmagnetization
e S L g

magne&m’ma;tenala,t ordayend oﬁthesdmd matehiel eut of differelit fliiekress. In another
eudo-spi n, val ves conpri

sibilities cal |l ed
emb O enE e spay el FERBOS, o7 GR Mo the mignetization
d1redi‘?69rb?'bh@ 8t u@rﬂnag%ﬁ@ﬁ%r@ s @t riglh ti ft%‘% bE‘%EﬁE?&é &} {3&;& Hier normal
hi's can be acconpliShed by using | ayers él er ent
Opermtaglmnqumt ‘B edrs forgramplgebsaahfievietl by sisimg emeltapge biasingtor an
erent thickness. In another 10 enbodi nent

.of . di
amfg?&ﬁlléth%gomagré%d spi n-tunnel junctions are used,

wher ei NI ihe semgnelbmédith®read Guf Roh®By @freﬁﬁﬁl&fméala&emem which
magnetic layers is so rigid that it can be considered

relieg pi emqma@resmn%(MRé peenonepan defgefied iromsultitayes stagk, Sensor
elemgﬁ{s cgﬁ( | CI £ qhgl o%y 9: IRX %fdrgﬁgst%i(c]%g M SE)}JF ngtﬁgh{llms. Since

the aiﬂ]ﬂltllidb&!?f “thel AMB effmen thyn almss itypiediBEesvaRaL3 BB lus\Of ANR
15 relies on a magnetoresistance (M) henonenon
requife teasiHS FleCHONEH. tinp ks gg%r&e}@gn@em@rancwfé% (eMRo s a larger

R 890 W R R LSO AR P

largeeﬁuﬁmltngl ma@i&taﬂesistdim (TB[Rt))eﬁeCtahri@/rehle&ﬁcd tangd%p tbRAS0% have
use of requires sensjtive electronics. The | arger

beengngpp. %Fg‘ﬁéft ofrtBe sseng iependepecef thelRdR rifect onthe bas volkge, the
useaﬁlfefrgﬁ%tar(c% chnge x{dpracﬁgzﬁ abpﬁéa?it)ﬁg §a ?B&'s&l? 3506191?%@91 In general, both

Sl gna gne c tunnel unctions use a
GMR and &@MR gesoh gm e laow mmmham ifehd rbg)etiedticdcdireceionk in the multilayer

resi st ance cﬁgnge to zngéo have . been shown.
stackgare paradelgnd g cg¥hem HisAragngtizaeas sigrerisnied antiparallel. In
TME RRiBhfss Rl sbAGureiteas WEARpBiel ﬁéth)%ﬁ(ﬁ&?lgr tghggg&:ﬂ planes

practical applications is at present aroun
(Currpat Berpendipwlahto R, 6RB) tdvRusedbel tlectronsdaveow tuesdl shrangtethe
if the. tiz n directi nthe.myltilay
barrigy lgud i GVS P Rese i agh tely b3S ad hyalererqiahe fayers
(CurfBRg ¢ Pl#R! COY)Saldiofgloh C?Ptc%ﬂﬁ?!}hh&ﬁﬁﬁ’éﬂt sh)vxdena @%eﬂéﬁz effect, but
rrultllayerst e sense current has to be applie

the rgses-tg@qdniemgngycula@ tq the plaageef tbq:sgwélgmet@mgrmléhtayers is very small.

N BUER Al R EnARE LB S ENARRR s

d ]Eew ﬁ eslpltghe skensemenioryeddl] inswaagnétionstes. 'TheMfenfdra k6l has a
of the | ayers
layer stack havmgyon top a memory layer 62 that can be programmed to two different
magnetic states. Next a tunneling barrier 63 and a fixed magnetic layer 64, usually called

reference layer, are provided. In a first state 56 the magnetic direction in the memory layer is
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(Current IN Plane, CIP), although a CPP configuration

m ght provide a |larger MR effect, but the resistance
w@eoopesiecul ar to the planes of these all -netabd1/1B2003/004315

multilayers is very small. 3@gNeverthel ess, using

further mniaturization, sensors based on CPP and GWR
oppexite tQ dm'nhgmetic difegtionAn sheeferancodayer. \In aesb¢onidr$tatm7 the magnetic

. hmgnetjc state The ell has.a |ayer, st
diref e FOhStRly BRIy e Bsenetia Airgclieris the tirepsedeper. The
refefeicd Werbd hRrLited ﬂ?@ﬁﬁidti%n%ﬁér@a% th gnéhztaﬁw 8f i Shemory layer
barrier 63 and a fixed magnetic | ayer usual
62 maay| beetivitohed by érecappliggtion of am@agpptcwﬁdédA plaralig] ahgrmtent of the
st at e.nn netlc dlregﬁ jon in .t

maghpfisFighs of D8 1S BiSHs Bitreft ot 10 AISITE IR Y piig h ubi-

parall8Ddlghientltorfssbbidl tb FheldppodirfiegietlGete aYE10). Réhdous aCARthe
state 57 the magnetic Irection in the nenory | ayer

meapyemsntafitae resistanpeohiig ﬁ@thlléyfzmSFa@k tWhenA aj qurnerqtes pagsed perpendicular
¢
o o TSP RSP e RS s
maglnatycelayeIGA panylldd alignandrt b€ the bg/yet hegagplationd resultsGh adow resistance,
netic fij Id A paral | gnnent of the 5
and ﬁ%gﬁ‘é??&"&? {) ﬁ@%{fy qoa@/)é?lgheéé?ﬁlﬁé%nds to one
| ogi cal Ir?&ﬁfeﬁb&&in&nt th n‘/@ﬁidr?cﬁphﬁrht 15yer%@£c§'ﬂa€#n an RE-TM/tunnel
al i gnment corresponds to the opposite |ogical &4
ban(ee’R@ TH) maRechic-tonrtel Jlmcmbra(l\ﬂ'ﬁb Rﬁeﬁﬁmea‘rmmagdetlkzhﬂaatenal having a

Si S of. th st ack en.a.cyrrent. i s
sub e HIEE R it SYb- i NS Tt ion MBSE BRuSRE fhayeis have o
high ¥RIHtyBHGhorh iehp&hRed, Uﬁ:rlo@vb'm%réx{ég 18fe¢ ﬁBﬁek‘iﬁ%’lﬂig Iﬂlgthgﬁ Néel
non- magnetic layer. A parallel alignnent of I ayer
(Cungdderapérature. dive massglization ﬁf thelrpfgranes layemis dixed Mlefr:aaﬁm

magrﬁglz%ﬂ%)}é ﬁg @r %{pﬁgxl la%r ev rse{dh\}ig n@%ﬁ'}% rg%gﬁ ti gocgss combining

the dp@MEitloSltcﬁ'QK)ehﬁsduP@ (@1, fBEus'E‘MlisdﬂBﬁm) dhafafmﬁgr{eﬁ’&f &M. The heat and

magnetic tunnel junction (MIJ); RE-TM being a magnetic
possaﬂﬁy alspan exteyial gnagneta field seureere hpusvdna dedieatpd rpgramming

f t

app s Mk B Y LR BhortBl o W MRS g, 2. The
mentiey deene eonltaiye bniyoss BYistgk thdadsbghied tldseehicd and éandi@drs for

t errper ature. The magnetization of the reference |ayer
readoWt- £ xed wher eas the magneti zation of the upper |ayer

may be KgMsIe ﬁﬁtéﬂa?s Br e RETPMBYSS LI LTI RS GdFeCo magnetic

conmbining the application of a”heat source (e.g.
layefso Su@emaleasbrtymg@lm exarht perpeadivelar magneimhmsﬂtmph @nd maguktic

ssi bl | so an. netic field. source ar

charfEans et 8 BB BAV P B PR e St “Ouipar bR The
advdnkR@of RSinERATH Maldfils GEtHR GG ChI RAhAAY Bighihttinsic magnetic

reference to fig. 2. The 20 nmenory device contains
anlS@tmweSt ofdhovmnagaetiwoRatamals nsed aesuiis athe Ipestibibityi efsistngcsmaller

s OB SR A PR LB G ot 1

pnn&pléfhnm&hbﬁé ateyial @ith h)l’argé(bérbéﬁdlﬁﬂirﬂﬁiﬁieﬁél kiikotropy can be used,
mag netic anisotro netic characteristics that

mcl%rag/m@fﬁﬁﬁblay Gmfﬁ’%g%"tdhcw enultilayersar@- g CoMiRt alloys. The materials
it 3id 4R LIS
BRSSP AP OB R YRR 12
materials exhibiting perpendicular magnetic anisotropy. Other materials include multilayers
of Co (and/or Ni1) and/or Pt, Pd, Ag or Au possessing perpendicular or in-plane magnetic
anisotropy; alloys containing CoCrPt, CoNiPt, FePt, or NiFe possessing perpendicular or in-

plane magnetic anisotropy, or any materials combination commonly used for magnetic tunnel
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ani sotropies of the magnetic materials used results in

the possibility of using smaller nmagnetic el enents
w@oa4obmnef ore i ncreasing the density (nmenory BPEDER2003/()04315

of the cells. In principle any magnetic material wth

a | arge perpendi cul ar magnetic ani sotropy can be used,
junétiveis wd (gignt e gnétedresistive Govibts, ItGpnded thao ftie/mRignetization of the

nul ti.l ayers.or e.g. . CoN.Pt allaqys. The erials 30
refice Jpek Ty o gt Ny Bntreiest e T Eperagiege lavers)
excR&igelcBapITgtb @elother MeentMe QY Stru@hire, SRS balaftificial anti-

exhi bi t'i n% per pendi cul ar magnetic ani sotropy. O her
ferrpmagnet 404 F) acanméringid anti-feremagnadf Co (and/or Ni)

and/ or Rt Ag or. Au possessi ng .perpendj cul gr _or

7 pl and elpinered g Py BRRRE Bt 4§ Tl T Hafipnty sensor
elethex{troBtis ofGablrddid-onTe Bipe tigdt iMNbTetoness 886hdtdo BREMERAiakd| o bit cell.

i n- plane magnetic anisotropy, or any materials

or e | ( . !
Thecedemem &es dhitdivaRdof gn glselaicalby condyetite rateridlfer guiging a read current
4 4 11 t r k )
L e L S
fixedagagptiic hyeoid. dhe stack istedile ve nd@rtieayendusty 65@onnected via a selection
d via direct, or indirect gthrough further

. bili
ineghgiRerse Etion sfhsjotorioc REF ErAeeLan AR TOR 6 tiandhe read current
indiOREA 8Y frod 69 SroudidN el WreaddhiCtRe ?&Rglﬂlc\/%rbtlﬂ deliGk&Ltance when

[
anti-"ferromagnet (AAF) or an intri
actigated by e contral nobiage & i gate. The magsetizatien directions pessewirin the fixed

N e
bardrt68[ sindilaetovt bR cell eRniehis if &h MRANN@eRbA TR rrlth%f%etikaﬁbﬁ in the

line 61 of an electrically conductive material for
freegnagmietig layer is dgteanmed during progemming | byi the geternst wiiking flevice by

. [ . [ [ atunnelin ;
e Y Rl § s PROR b BT B4y SRSl apgoriin
an exterhalintdgnetic Aelfl i theelesieindiiection, abd sutpoqnenti@doylind: the material. It is
n1.0Jline 68 to a selection transistor 6

segecéig ; : . 66.
notefaatdpe deldineay b amoved Beforsghe aipal egolingofrtbe magaial eawts if the
heafiif}s %&ﬁﬁegﬁcoﬂfﬁ@ B thOteptishe B UR! mcfltgﬁalri? 2%1 [gl'?/déad%%d level a

respective bi

_ It ce resi stance when activa
littlebelowdhe Nédlttergperaturé.t s gate. The magneti zati on
in the fixed nagne | ayer

di ti t [ 64 d
srrect oo ocecent Lp ohe 1L el ¢ LoV o4 n
has {HeSatndRBADbAGLs Pﬁhﬁﬂ FQH-dABy elenBAt @A debQidelGbBid whE lréfﬁrgnce to Fig.

el ements in an MRAM nenory. The magnetization int
7, andinf gdduiommgiiatei line| 7d yfer canductotger nelatiwel ydange mgite current for generating

' by t t I i ti devi by . .heat.i
o B GIRE Pepoiash 2, Pl koopd it erbd if Roed B
gend¥@eng i SRPRd Ak RelaREmPBRYnY 74 ITheAfdnDide fdd gORIANE bF both write
field in the desired direction, and subsequently

currgRfs IS $igng sBoyElx te sptdhe magngtis stapindhie fraamagneticlagdr@2maden the
¢ ] [ f,.the materi al

s AN M 5 A E BN B R T B cxma
progriventiegbeicet Wretingfa ddn@inailas e@livdlent 86 satify £8Rkh&tBMtion in the

level a Olittle below the Neel temperature. Fig. 8
desizgghigection é%lrommp!ee maghetzation ip the leflameange0’ andemagnetization to the
. = \Wh ' K o
o B 5 FRRTRPL oy B L0 HEEaRETTRNEINE, Bl i
pulskiiginduced. @nly theceltioh the amayaatuhé tressingyoitloffboth lines experiences the
maxgrgﬂlglrjrg{lglnggc gelrde(l.gtthé/ \?fl:c)t/orla?l ggcﬁtig\r{ Io tﬁe %le'l{drs ?r?c}ucgg lr)y both current

pulses) and its magnetization is reversed; all other cells below the bit or word line are
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afirst wite field conponent 72. Via bit line 61 a
second wite current 73 is guided for 25 generating a
waewmanskiwsite field conmponent 74. The conbi nedpdT/@82003/004315
generated by both wite curre;?ts is strong enough to
set the magnetic state in the free magnetic |ayer 62,
expodedno tHedowemficld kialt id Quitddtyedsihgle aupém PuBoand gill therefore not
erature near the Neel tenperature by an external

te .
Cha‘tﬁegg?lém"i‘gﬂ%}”%?ﬁ digcctipps-t i ng a certain cell is

equi val gik ei&tr§§ﬁa¥aén9?ce&ng&gé‘1'§ﬁér&§£ﬂe %Poxji@edt Wih lefeéf@tt?f.cﬁle&nductors

direction, for exanple, magnetization to the
for gpmdnetingyreachanil/ oragmitetcuzrants.dn an@ntbedindt theglondwaonssire fdrovided

..By appl.yi.ng a current lse to it line and r.d
with 3o i R S e B ofeatists ab e o fniiiany
maghftud® @heYe mhgrell€ 618D tHethePQsaty Iﬂi%nhaac_hfdr ls&t@ifig the magnetic
experiences the maxi num magnetic field (i.e. the
state/aithe eoragspearing bip iocation wetheytdhegropercheatng efthpidiihlocation to the

) )pand it netizatioqn i ever sed.
prog bRk ienBUL e mE e b RT IOk 1ihr eyl o B (on o
maligBat/ 3S2hdp triP €T hd BAA0 Bt (A8 In 3R aRpasetsvditient! tB¥Brrents are

. field that is caused by a single current pulse and
limi{gd, for prexeréingrheating of thelsefeo-magngticriaefaaliay e ilocations to a

' i e - tic sensor elenents are
tem g%@li:édﬂé%p\;&\}et ng@aﬁ% {?gT conductors for conducting
read andhercumenticondueting namability ofithe dimboth the bit ctliemay be limited by
conduct.ors. are provided. 5 with current |imting neans
havipga rplakyely Prahgre@ﬁén%pﬁrghcm\?ﬂaswewre@JP rgs?&rgtegsﬁe higher currents
canrdl bt lafp IR withBRe Hésttﬂé?ﬁlgttﬁ’e SBAEINA GirdtRS NPk Qelics! AferRitively the
the necessary magnifude for setting the magnetic
currenta ey dre linmieddoyrinsssipageleettpnid ¢urfepteantonh caguitsoort bt inserting a fuse

oper, heat.i of that hit |ocation tao,the e
that RIS SR oA aPEr PR Valpef T tE SNy Bl hedr g and it Lines i
limitedrtgah€ Qise et dreaRs the RbfindcA6@bétARerdcuPdnt SRS andSWordBHbit line,
try to heat that bit location. In an alternative

showddhsarument rigeraboke? pertais valne 1.e1ourranid lya bebw eqprapeeationalgurrents
e QNS85 RBRR e OB Bl Pl it ot
or géregte haddghetic fidld large emvuighee Bwlise the ehepepyet.tScR b chifiént limiting
lines to the bit cells may be limted b havi ng a .
devipe may ibyeakyheplgrrird cparesten perma@ﬁnwhoabﬁrbe FEATY deviegbe
requ%& &5 ﬁéc%g{elﬁugdb@&{ at@éﬂﬁﬂt?&ﬁﬁ-autﬁ&q{&tr& o &mﬂir? .
wi t hout destroying the ‘electronic circurts 1n The
devi ce. TAt ey denete/accbelirigtoche meadtionnmyn fretitulad dugtdble for the

follog%;nlg Hépgl]r,ctailalgs ik?e %tgé%rr]lbﬁtggg rﬁquggéusg T,gm%hé,ﬁ%‘s’g ! that would

requitB §fs@bheRR|alréalyif $he ik dedighehis b Q¥ Qavinli‘%e"fﬂa{tQh@%tent can be
bit linesis Ilimted by the fuse that breaks the

progeanmed { inghe st memanifitheprodedion? Fuathdr typedotOndTime-
line,.,should the current ris bove a certajn val,ue,

Prograriable DTNy et alsg, b kselasatl i e adsaipeedhatthnpeV device can be

progiffikied @fbré fan loAve (36 i aFr@a‘éiiyﬁir@%ﬁlﬂnféB AR RES ba Ofdated or
currents required to heat the bit |ocation 20 or

correséerbansh do rot bagpies owdated) 4 fughgyapplicatigh is pertabladevidecthat needs

R I ——

has loenpower densdubgptioa, anddastantadcdsotoxbe dnm. Diisaidea:afalso be used as a

attenpt ed un-aut horjzed re-progranm ng.. .
storage medium for content distribution. A further application is a smartcard. Also the device

can be applied as secure memory that cannot be rewritten after the production, e.g. as a
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The nenory device according to the inventionis in
particular suitable for the follow ng applications.
wabm4n0zAds only type can be used instead of nmaskReRDAN03/004315
that would 25 require its conjgnts already in the mask
design. This has the advantage that the content can be
menpory Gihad et stone dataghdt ast umyguefor ewdry individuadGqe.igoninique

.. _Eurther types of One-Tine-, Progra bl e menory can
idenfific ier S 8 gounoR 2 ORIVRIR S8R TRkt he new
device g8 BSbodfrRe ﬁerE&SBPQQmQ%E %re(d%gc} LNBL same time. The

alr eagé/ progranmmred nenories can be update
addrespinget thel bitiedllgis dane bpmeamseofantaday of Frosging lingsh @he read-out
plication,is a portable device.that needs 30
merfRRPYCRRTL Bl R §vmf §F i i Ry vy number of cell
(N) rieaddnfedittbinGebayi@he woRElirf, BERAUS: e YéstRancB 36 tHe@é’\éo_lgrx]pletely
e

power consunpti on, and instant access to the data.

metgig pells ig rlatiebolone Thisewoddesshe intgesting aduentagn thatonly one

: : r | on.i . .
w38 SRl AR 88 LRI p2RPLISS SRl geamage
that themelayive haistanae dleingb & dieided by 8h Taé tead-du & dohe ByGhdadiiving the

.gﬁg. ?s a 2834/ 32145 PCT/ 1 B2003/ 004315 13 nenon¥
re51s.[t f: o. aword ling |éh Stsﬁquﬁ%‘tce]&?r)gwh‘ﬂﬁ w.éequg?tljé@ é1|n911 positive plus

ndi > . :

negd G ckir i Bulie s WpIRY IS HS BN oil R0 The by Bh|pRy R Flghef fiela
pulsesdyo etween the switthing fel dsseitbotwefeanangsetiarieyargabusthe ldyer with

the g s isPhing BRF 4B S5heiae 9 Ry Pad vnefieed i e mradietization
of theRiHD taydeREMEE s@fin b H@ﬁﬂe\dnﬁ‘re@ﬁorﬁﬁﬂﬁﬁgn bé fvaH@d.(F%gﬁ tRE sign of the

Eseudq-spln val ves a nunber of cell can b
resubing mesistenseichargsrih ghe wordtling ivgandelseerewhétheraar9é ot hél’ is stored in

rest st . of t e c I ly.. talli ells is .
e 3L 30 R AR L SATBUTHELY S A BB vaves with
fixedihagndtizghor digéction bie BBEand e ldafai 19 BetettedRthe biheH Atdedmaknetic

transistor) is needed per N cells. The associated

layery il Hus case Sipcabiselutepgstanggeofitles eall iy mepsupd tla an embhdimypat the
| AV Vi r = | S y. I the
e 30 SRR ey AR BR TR 0 by
meansdfl sgwitohrig eerneri fesyaiby b kinsistspwhich d@pliésvRatiih Wsis case one
ne&glt [ ve.carren EUL e is applied to the desired bit,
trangifiglas reghred eE iR HotiSks SHagROMILh one BResistoy s eel llematively
BIELWVIRRA trifistds bafH ' i (5 |
SensI ayers; ttrhué, t he {Egd;tg?fcemﬁ%%%o? %gérﬁfag Héé?mgﬁr%%ﬁ%g% Gl sensor
elemientg|in croshrpoine peinmegryl payaidy ahighler desiy,rbutl haveangpmcs whabn idnger read
the magnetization of the other layer will be set in a
defined direction and then be reversed. Fromthe sign
of the [he @y sdnler d1@8drts 3@9 B CHANGRY LRmERE awgeiﬁrr]ibémith Fig.

it can be seen whether a ° or a 1'"is store
7 forrqeastetating areadipalymemetyn dhjsdian thet ddeantegeithatb ¢lbetrdric circuitry is

Lk Re. Hodi nent in.valyes with a i xed .
needed 67 gch@rafils SRRPCUTRR, ATB B R Steot flsgalefificbe read-write
elem@gts edtickds MR A REelohifs destrib&l WRE mr@g:.] 8CThik AY$the abiParftdPeShat the

case the absolute resistance of the cell is neasured. _
valugspfihe Bifdnsationsnan bpehanged psing A peogrammingsdaveag that has only heating

[ %=1 W referenc [l. This
meaft bf Rt o ottt & Ui AR El<d, BRI o s
comlfinstical dfiread-omlgnnd sdadryrite etenednts. Thisihas tHehwdbaritigd thitsspecific data
. _case one transistor is required per cell. Besides
in pagtfdhs weorycamat b dragedi aseidgrtallvel || al ternativel y

Fig. 9 shows an optical programming device. The device has an array of

time

radiation sources 80, for example lasers. An array of lenses 81 is provided for focusing the
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sensors without transistors within the cell are

consi dered. The zero-transistor per cell sensor
W@b@amstigs i N cross- poi nt geonetry provi de a hi BEIEIB2003/004315

density, but have a sonmewhat nger read tinme. 25 In

the array sensor elenents may be read-only el enents as

laserisafiisidAQHe Bit Idtatibks. Thd meforE &R tat tHetHiNBcAtiohS dvedN¥mory layer
menory. This has the advantage that no el ectronic

83 that icmpgnefically pregeataabie ran@ a refereneelgyon 4 thatchys adined magnetic
s L9183 Bt VOB REG 0l BLETROOE bl FSREIELG i s

deterthingd ba she hegretiv 3tateagan aghetideld yalrte87,ahict fwea &dil, is provided
| ocat.i ons can be chan gl usi n a _progranm ng devi ce
for geperatipgan gx{einahwagnellyg 1ig n& e rﬁ%@ﬁlﬁ gafs;during programming.

Ihgg ag | O, n%g I}],p(%, %{gamemg_ o(lr){?, )}9}2—,‘5 Ok éﬁ@?ﬂﬁy thBexRfdaPHeat

soured 8Orend thp'Ei'atlsre haproht‘h&ng(d)v antlegééd batpesgeei The extatnal field is

in part of nmenory, cannot be changed. acci d nt ally. .
usedptp B ey T A B A B AT B s LR eFan ik s then
ﬁxedﬂ aSthdMedsoad e renfA€ll atd BB nkPhr§ 85/eBBoold. Ahe MR Merature of the

| asers. An array of |lenses 81 is provided for focusin

refenenee mamabgmtsofphﬁmpmuo@woﬂm the rmalgneagfétonbééhﬁsre%erence
layep s, th ea%{lt l(r)é:vae{rsle nesven u nnﬁlm?lr%t Cel fler%t the blt
Y €3 onsyﬁgve a menory lila%/ 5% 5% i cal | y
pr ogr ant@ii embédithent df&ﬁ@p:@gmlag devidéd tHetrlls BRSndividually

fixed ma%getlc state. A bit line 85 and a word |ine
addrggsableang heyipd sintdianequslyite gliow dighasinsogramenig e reips. diis may be

i D B AT 18 B0 TSt cavit

surfg:@rmnﬁhmgﬂgseah pessibdy imadonmtagatiohivwathf foehsdng opticsgdrta gigglé hight source
magneti ¢ state during programmng. During
and b‘i‘%‘@i% RS- the nenory |ayer 83 is heated by the

ext er naj, Ei?éhbocﬁﬁféﬁpﬁ tﬁ@px{)graﬁnﬁl‘ﬁgﬂé{q%& Hgﬁtt@rﬂ Brfﬂ@ﬁt'"HpH& 'on the bit

or at, the Neel tenperatur The extern field
locammsdls gmelatle@,rfot treanmpignetg z e¢liepent dight doarosemd rappﬂoaywelyl arranged
he desired. direction, whi .' then fixed as,t
REan SaipeeT R AR ??@mﬁevegeﬁs? Vi Jalbepgffect.
Furth§&letdi8 aB6tahe! TEIbEf eﬁ’é&?cala IQ: foedEmans Boél@ﬁﬁssic'a?@p@&%ﬁ its
that of the nenory l|ayer, thus the nmagnetization of

appltqa@onSefoerranpmay@ptqtéﬁn@%rnbra@el me@rsmevmss ddt editiem(December

th 419
15, A e B2 PO sty Bk e P dnjriguat memory
celld thelidevied/Bad an inggehitebshattrewaltl Mgl etdmatki ih baBebodihént Be
al l ow high re-programm ng data rates. This may_ be

ProgaRRMARESAE ViR has fadynamisropcal ispnieo!ling deyipepr radiating selected bit
v
locafslgrqéf, g\!lcqil% a!niéﬁ gfuﬁtcé‘f’ aXi& M(;S&:rkg?l (n\ﬁ?rro} il n‘{:) mywﬂ'é{l I1]1as an

rface emtiting laser), possFbly in co
arra§ o€ isd¢rogopietmitRors thlat ae pivogibee dridghtorsolibf electeondc sipnals.
array of |enses. fOf% enbodi nent of the, prog

devi ce AnyaRRdimensof fhegrtingdavicedis g eanging S baEDRge the
s BP0 TIOBISINR L s S8 LR of by
cellsg Tat infggnation pharetafbit lwatlanq)mmtamnd by navgrig the podrs rélative to the
me %Ea\?itcee 90 a\ll }n%lt}thge faplrggrgmregxrflg positions. A number of bit locations are being
programmed per programming position. For example the beams may be generated by a linear
array of radiation sources. Subsets of bits are programmed either in a collective fashion

(sectors) or distributed fashion (e.g. every second or third or fourth bit). This may be

determined by the constraints of the channel electronics, or the spatial distribution (pitch) of
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20 Further details about the Tal bot effect can be
found in the book "Classical Optics and its
wa@ppkiosAasi ons' by Mansuri pur, chapter 18, CanbpCTIB2003/004315
University Press; 1st editionifDecenber 15, 2001)
| SBN. 0521800935. For sel ectively blocking the |ight
the heat ﬁpltr@ﬁs| (B@i YIC$Es), feqnsing optied aeg {emeesd ov insmonpselisnSuch a

pro%‘ﬁ;%ﬁxgﬁ cet 12 Wb prl% fo\r{yg' ah rra t?@gmgbm@hti lgcations, e.g. for

writirptd waial mﬁﬁlb&’rQirlaIUﬁg]ud%Md:ﬁ]ptl&ﬁE C\éitha&ﬂérﬂé fytitvieg! ect ed
bit 25 locations, such as an L shutter device or a

di gi t al Anfursher embodiment aith programming sl vign corfpinay nafltitude of
progFh e AREL Lok ?P&gfmﬂ%@&%%mw | £5itbg r%g%glg%ngrgg step.

el ectronic s odi nmen
deVI ce Was 18 shct\am nengyryldévices having ameatgnk. e integrated heat sink

r The radi ati gn beaps are arranged
pro B LR AL A8 et o S S S0 e s of
the dé¥i@r mation plane of bit locations is scanned by
nmoving the beamrelative to the 30 nmenory device to a

mul ti t ufeg. dPa phayer ammminary ¢rysicthaving.a Imahmrrbh!yenBlb]otanons 101

re L0 B R, R SRS B At

locahbllibetaf redatinghe@fing GfhiEtbtAdnS MY hERS 0 asb‘l? f(ﬁ:’éﬁorpfhapisthéated for
are &ram’red either in a collective fashion

Prog(rwltgr e heatgink glement dxcansiiitedby(a. agditional heas siob tayent03 of a
t t Thi det
nea SR ROE U T o R st S

positiomsddrdnitap io the(d?tlvtoeh)r b&fo%e%ﬁ%d@%&]cﬁﬁhe layer stack of the memory
ng/ | B20 (3304315 15 the heat sources gq VCSELS) ,

cell. Prck03 (}@s vaq%]@g)cogpsmﬁ@gﬁo (t;h_q 1t510cgm 181.
progra
Li it egP‘lngJ lgﬁi/dv%eabﬂnémaé}c%e?w(?gla('ﬁghg.ﬁt s?ﬁl@ tsaBlt locations 101

are tg (bp |hadtteqh dwiveg programmingolies davioeyat longitldinal msaﬁsmE 8Rf¢nts 104 in

btw fur?her e od| rre gf the programm ng device

erv e Pl o oA B ATy 1 i ek ey SmPiBeal G meta

comPoaa) @tﬁgbﬁﬂlaﬁufé&fu%d iRthetafiR Hgfér as ShriG: %oxﬂ{\ﬁw’rﬁ FHements are
st;ﬁy 0 shows nenory devices having a

electgic lnmatedtfégm ﬁteederh@tattceﬂs wid lpgiovirdeisrya(dgi WIon:haid bit lines), and

prov?](g;lr% ﬁ% %eetdg]n?gegres m&t edlge%l 1t8£gn@%l)rgc<)loi(r:1alrcg{%§ﬁégﬁactmg as
heatl&'&ﬂiﬁ)j‘cy)rdew ce having a heat sink layer. Bit |ocations

101 10 ,are to be heated during programm ng. The

devi ce flBoughtbamventinn kasdeemmainbaexpiziaedby emb@dmtems nising the

atld ons
T™MR foet]rt eﬂlgtcslhggol? E@atd/”\ﬂgte %e gf eEjfofr 1ncterfacrl%\w§ﬁﬁ$ taagxﬁrllé; np.laéeaqal can be
usedse pkbastoreodils Bulpsi thelhthddiyentdtha datiiitiandurddadt héatifis a
103 of a, 6 heat conductive material, e.g. a neta
laser Sgé@fi’, Rt agy swtable rdition srprcetnay hensedslt n$(nq>tg<§/,éhat|1g this document
q h h
the V@gb; ézf)fgﬁg?@taﬂg ifs QQ ggaﬁoglg gg %¥f éﬁludg rt}hﬁege?%g of ?t?lgr %:]nelents or
stepstban tlmsmkstbchgmt th& OB rdh&s onf andl presedif ag eremp@cmé IndgetcPude the
t he Ei t. lqgcati ons 01. Figg. I shows a nenory device

presip oha Pty of pch at gt refesenge;signs deqrpt lipitethe spope of the
claink tHae Ble8flvéhtibh ‘ﬁgaymeq ?f&'ﬁf@n% by tH&nd %Y b&t‘ﬁ HARRvare and software, and

| ongi tudi nal heat sink el ements 104
that several ‘means’ or ‘units’ may be represented by the same item of hardware or software.,

Further, the scope of the invention is not limited to the embodiments, and the invention lies in

each and every novel feature or combination of features described above.
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between rows and/or colums in the array of bit
| ocations, for exanple netal (or netal conpound)

WG LoopeEa43ranuf actured in the same | ayer as curP@niB2003/004315
conductors. The elenents are 2¢ electrically insulated
fromthe nmenory cells and logic circuitry (e.g. word

CLAMS:bit |ines), and provide control (speeding or
slowing) to the heating and/or cooling processes by
acting as heat conductors. Although the invention has
been mai nly expl ai ned by enbodi nents using the TM
effect, any suitable read/wite elenent for
interfacing with the magnetic material can be 25
used, e.g. based on coils. Further in the enbodi nents
t he radipdd - - j ki

L bt any e ElF O Embiting ETLIation IS TED SR an ccctr

magnetieshatetihlatonstitutihg an elwayefdrit locatioas (E)ba inagngiici @ ofisaild material
[tS conjugations do t .exclude the presence of other

ata b Jorafiph e G B8 Al IR Y o RPN e Spor

elen®¥nts @M thRf £6 AHEMA With MeDWEDBEtBAE ThixabteAXd MdRatlthemagnetic state
presence of a plurality of such elenents, that any

of szid featesiad i PP giageRblhot progranmedrida 2 sepgrate writing dgpice (21) for

ai knvent i [ :

oo e 4P 8oL ARG 208 RGBT

locatiBREI0S programufing Sempeatutee repr esented by the sane item
of hardware or software. Further, the scope of the
invention is not limted to the enbodi nents, and the

2. 1nventiep,ld %$ cifaﬁnedei%ccﬁ]ai nd WheRhy tﬂg%\égicefc%&)%@s afousing (11) for

combi nation o eat ures descri bed above.
encapSdldfifiBhe 4braPCT eleBROOREHAKZEDsor EBEmeGisAb MEwhich IMerimgyhas an
. evi ce. co .Sing an.information plane (14 onprisin .
el ipecbaee oD FRGAORT it O BT SCOMB By 228 oLy B device
for tj@ééivilngﬁﬁﬁ'a@féﬁst_(o%a)earﬁ. magnetic state of said material
at a bit location representing the value thereof, and
an array of electro-magnetic sensor elenments (51) that
are aligned wth.the bit locatiqgns,. characterized i .
3. That "t nEriig s eRenefindlfimel G2, o8 Fin BEHeP G Sirbhtes dhousing
(11)F6PEHCAPRURRING tAY arPdyOGH SAVIBCIn ¥drdtid siBPRg1athent¥ 3 1) WHich housing has
device (21) for providing at |east one beam of '
a protgefiverconer ( 8) for pravienidng hrating bit dqcatiorsfier changingtserd magnstic state,
. ' ' t0. LNg tenperature. 2.
in Gyt e phlFheRRert it PUAMATINY, | °TRE" G ce
conprises a housing (11) for 10 encapsul ating the

array of e]lectro-magnetic sensor elenents (51), which
housi ngDsXise af cla}rm(‘gwc&ae@ I yherethe glsyice gpmpHsssayheat sipk
. . . . | D .
clnf e 01T o LN of K i
that ¢d lsdateddort progtamming. or 2, wherein the devi ce conpri ses
a housing 15 (11) for encapsulating the array of
el ectro-magneti c sensor elenents (51), which housing

5. has a pPepiceat EMEnEP R aifnld) IwHeRin e RN eABALiL Béhstituted by a
bit locations for changing said magnetic state, 1In
patteraof elcoients of adaysr of metal vemetal eompypind gingpastidudtir the laperdraving

windows corresponding to the bit locations or longitudinal elements in between rows and/or

columns in the array of bit locations.

6. Device as claimed in claim 1, wherein the sensor elements comprise a second

magnetic material for constituting a reference layer having a predetermined magnetic state,
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4. Device as clained in claim1, wherein the device
conprises a heat sink 20 el enent near the bit

wo owansams for reduci ng heating of bit | ocati oPST/IB2003/004315
adj acent to a bit location t{yt is heated for
programm ng. 5. Device as clainmed in claim4, wherein

the debéndnaagnetic Mateiad idvihg b Second Néel teinparabyre that fredubstantiaify higher
el enents of a |ayer of netal or. netal .conpound, in

thanygfiret Neal sgmpasaurepfdhe Hgcragiageetiimrienl copytiaanm sty of bit
oy (16 Y 1 5951k ARG 0SBl el nr e

Néel temptiaane withoutDeteicting the nmdgaetiestatethecpradeterinined sragnetic state.
t he sensor el enents conprise a second magnetic
material for constituting a reference |ayer having a
pr edet ep e ds PRGNGE ih Claihal Mhed) BRRMHH3 24 netic sensor elements
PCT/ 1 B2003/ 004315 17 the second nagnetic materi al ,
(51) lsamniprige ad-eolyrgniaslemantaép hthat are sensitiviedo shits snable ia¢hapge, said

hi gher an,a first el temperature of th .
magfoi g oF A AR e iinel¥ ot NRH P Blopbehfire, fhs poipe
tempePstaie 1R SuBdhntAFy 1aWbobhi the$o gaBiigg fefpergu@! t he

programm ng tenperature near the first Nee

tenperature without affecting the nmagnetic state the

predet efy, | t . W | ai
N P g L
are ppbeided vith e(esfijcatcomductess foeeshdodting sprogrammingroantest o6 Bgnerating

that ar ensitive to ut unable to change, .said . .
a m%sweﬁ?lg o} puitigicat stfq%fhet?é sqting thy grgneRc SRE af thy cogespending bit

i I | ' t enperature bei ng
o e e, L gt orer at P,

10 8. Device as clained in claim1, wherein the

el ectro-nagnetic. sensor .elenments . ar rovided with
9. ol cct 1 DAV GHHALIGLE S o SRR IR A HRPUUaH Fpor clements
are groVid8Mvith @lecHRAREHILOBrs Br SRMNEinLcuifedtsdwaichohlihtdeAte

strength for setting the magnetic state at the .
providadrvegpeontiinh imifing measdel praventiag theeanreststggnenaing a magnetic field

oqr A e re. ' al '
of ST Rt s LA 8 BB o o o
prevaiitthgiearhg efithvielddtre neapnetic MbtegioNdl igd it foch@dnsao miskiisib raghming
currents, which conductors are provided with current .
temperaiire;, Wigpariiana thesurping liswingygeansdeing a lantted garrat sendygting
. & field of sufficient strength for setting
CM”?HQ§%ggﬁ§§ic state at the corresponding bit | ocation
or for 20 preventing heating of the el ectro-magnetic
material _at the bit |ocations to the progrannjng, .

pr g :
10- t enper at\i#Ee 4eic5dPE REGIAFIMINEE RIRPUAEVICE AT ¢RI gHm 1, the
writAg!d20ic cbihfHiLifll a GHSdr i ARAMEL (209 forcBBALAd itRlthinformation

use. 10. ' ng vice r programm ng a menory
pland €14) o tlesmerhanyndedtidenans| kegiatmg mears(26) for generating at least one beam of

radiation for heating the electro-magnetic material at the bit locations to a programming

temperature.

11. Writing device as claimed in claim 10, wherein the device comprises means
(27) for generating a magnetic field at the programming surface for setting the magnetic state

of the electro-magnetic material at the bit locations.
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25 writing device conprising a progranmm ng surface
(22) for cooperating with the information plane (14)
w@bootlos2inenory devi ce, and heati ng neans (26) POT/1B2003/004315
generating at | east one beam radi ati on for heating
the el ectro-magnetic material at the bit [ocations to
12. @ Progr yydingtevice AP elaghét @ clafh 10l whéeir thetheating mearq26)
claimed in claim110, wherein the device conprises
compesgrrgeans £qm gemerfatlgg AR pERY phcontreliahie radiationdiegmg frompa single
r f netic state of
radifloBUREE, H3aRthl:R0R 4 AL BEh oI EROTS) 0 ¥ SLe Vo
2004/ 032145 PCT/ | B2003/ 004315 18 12. Witing devi ce
as clainmed in claim10, wherein th heatl nmeans Sb
13. conpri s&mingflsvics s glamaedin glajmalf, Bﬁlﬂg’&FWEt‘
comBﬁgé eﬁlt:irff &%Bﬁ@olt%%@a&aﬁbﬂ Bhifices! | a?ﬁdu‘l’aﬂ' aﬁ%ag%f chiitrollable laser
articuldar via a radi ation controlling mask
elemdhist i ng device as clainmed in claim 10, wherein the
heating nmeans (26) conprise an array of controllable
radi ati on sources, in particular an array of
14. control ml&h% deRRelas cﬁhrﬁ&ﬁm Saimlth, whkidin (e IReN EMmeass (26)
clainmed in claim10, wherein the heating neans (26)
commﬂsmnqmsufelegmmunggfa@arrgmfeﬂmtrpﬂgblanada&tm;beéms from a single

con FRRHEALTRE Y L BB O ol o BBSE i

cooperatlng with a diffraction grating. 15. W|t|ng
device as clained in claim 10, wherein the heatin
15. means ( PGjtingcdsiviseias slagmed ﬂ’lﬁlﬁmclr(&ﬁ@ﬁ%ﬁﬁheﬁ“%ﬁ‘?%@r(%)

. . e
complied gl cBysCh Blab B aMEERCION £elyilihnd: 2vil (MDY
contedlBngnhtGeamher ei n t he heating means (26) conprise
means for scanning the information plane by noving the
beamrelative to the nenory device to a nmultitude of
16. Pr ogr amgrfighodiRSide!aQ BRimad inl @ARE 100 WheRin tﬂe%ﬁﬁﬁ%)ﬁeﬁ%' 26
20 programmed per programm ng positi on.
compE seufeats for ngnmngﬁrmn@ormiemrcldmbycmavmgdhfr beapt gglative, to the
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pro%rﬁﬁﬁ%ﬂﬁ&sprbgraﬁmﬂhg%ﬁﬁm ng 25 tenperature via at
east one béam of radi ation provided by a separate

witing device (21), and - setting the magnetic state

17 g]; CLPSI %?}?tdr ;C)frné ::}ec:%lier%g ) I%‘lgl’g?@ dewé ce ag gla*?ljngd } O&Qﬁﬂ ?r}ﬁe method

comghéihgpﬂo%ramdﬁﬁfg&hadmeewogr amming is performed bef ore

0 encapsul ating the device.
- heating the electro-magnetic material at the bit locations to a programming

temperature via at least one beam of radiation provided by a separate writing device (21), and
- setting the magnetic state of the electro-magnetic material at the bit locations

according to predefined data

18. Method as claimed in claim 17, wherein the programming is performed before

encapsulating the device.



