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AN ABSORBENT MEMBER COMPRI SI NG A WATER ABSORBI NG AGENT
Technical Field This invention relates to an absorbent

woreoobesesbor use in absorbent articles, especi aPCyIB2006/053439
di apers and training pants. The absorbent menber
conpri ses an absorbing agent nade by a nethod

Nan6®iFp aghéti: fahdorftaeqss plemdiyxi Ng a wat er absor bi ng
resin, water and a mxing aid w thout adding a
wat er - sol ubl e radi cal polynerization initiator and an
et hyl eni cal | y unsaturated nononer, and irradiating the
resultant m xture with ultraviolet rays while keepi ng
the m xture still agitating the m xture in order to
maintain a mxed state. Incidentally, the term"water
absorbing agent” as used in this invention is referred
to as aTh{sGpNntioh Rt fo‘?ﬁaéﬂ’eﬁ@d@%@ésf ¥ #fkgrated arrays of such
(cross-linking) the surface of wat er a%Tsor bi ng

devicess particBadik feranerdoriys; ante metheds osf saufehiringsycndéiacss.
been hitherto used as one conponent for hygienic
materials such as sanitary cotton, disposable diaper,
and absorbents for other kinds of body fluid. As
concrete exanples of the water absorbent resin,
hydr ol yMﬂgeetm deyices gt beer 8/ flowiof SPIDQO@I@P-@ elsetrgnseare known for

t I
maggggcoﬁn \50% ﬂg/ ﬁ{ﬁﬁf (fg S%t éfeglé:?%%ﬁierﬁ uﬁggtée{?gagto twq ferromagnetlc

elecﬁ&diefs Qhat aaet S%pafateﬁddy)d 10h-inbgetic Mexdeial, rm&h ad a artdy Ioﬁmsdlator The
yner, and the product of cross- Ilnkage t her eof
thlclamseé af theglgcirodes are aml%élu i thegange; ofiderm 42 7Y pime Th% fegistance of

the d@i’ce%g@ﬂd% %ﬂ the': féﬁﬁ Etlﬁhﬁﬁ 'bg&%tld'neéij the Iﬂa ¥des, such
0ssessS an lnterna Cr ss-I1nked structure a ex I bit
as wﬂlethsnihﬂja atei driented paedllel or aTﬁItneparztlhﬂ fict ehe ma'gmet;zamﬂﬁsrltei ansparallel

ich. these water abs ent ns a expected t
tines G0t ¥ WM AR QR R pleF Se et b nsadetispgion pinned,
ie., R'HaS § Hi, eﬁE&rﬁ%@y fiah R QRSWIStroX &Rd fe%lﬂfreﬁgr%t@f RlabRic fields or
"speed i gh gel strength, and fully satisfa
spinuedarizod Cﬁmsetorma&m yorlﬁntatl@ucﬂatsngagMImtlomr ©he wcond layer is

le. Since t ter absor bi .
nolF 3 e gt AT BinedbiPor MEseliph i BERBnEST ating tatpe former,
to stbRla ME@R AT Thy d&EEY feSiStanROFIIL be/d@iffefht R Meds®RFo ¥ihiel and thus the
one anot her as evinced by the fact that an increase in

devigg resistanes panhe used & repd thectpie ard digtingvashed S dropm "G 'hin @@Iventlonal
magB A e PO AN, A g TR BelBhuod o g e

magﬁetﬁzmbﬁ ditectionrof thiecfred lapér, wditdcirfent edrganpivires locped @iear the

t he I%; str enf%‘yg, and the suctign force, for exanple.
magefic IpgererGosviabewtll indithe dgnsityohths naﬁzwrae@(oaﬁause errors in
men?(ﬁ'g ﬂggrﬁgor%b 18 nJ @cfc’ lds %Jﬁ%fa‘?g }ﬁsucﬁ it BkeYlimited to about

shunS uni f or m absor pt on o} er an forns portions
0.1 Bdslapatithd positaggrfalatlearodos, whiskeleadsdoestow Hev1md)m:|ratlon

absor bent. res articles,contact, with

oo oc s FE e koRala i i O e s e RuEh t fescdgyer to
direQGLHdRSe &J‘ﬁiaﬁ’@etti%rorieﬁtaﬁ% A‘EB destised ih OpHIGHR YhplidaGion

entlre vol unes of water absorbent resin par |cles. For
2003/8@4 1962 be eplofangldamomgnmm of tbh ﬂnwmﬂiwt@nsl inséracts diregly with

t er  absor bent sin which a bsor

the thokBofbe RARSH R HET Pl jOuE TP 204 3P AGE %R seR s 2 porton
of tHRRGpH-arkuli nitdteni@h t@ihéiback drbehdahGietiak fr i HroduRs blorque on

particles a surface coated with a surfactant or a
the magnebiration) is thiy smeenatorsdiar Ihasins@tm ofpagngtizasion:Tgenyentionally the
prefg@é({] < PP&%E@ &?‘é@ r%lafe fc%i SKSL h gytgg ?rBQ 81re<;(t10n or
oriesthfi@)t This @aﬁﬁﬁ‘@phcaftgmtshgg@tsammgt layot nsep@etizations thatare not parallel

suction force of the individual resin particles. As a

nmeans to produce a polyacrylic acid type pol ynmer of

hi gh wat er absorbi ng property, a nethod which

conpri ses causi ng an agueous conposition having a

partlal alkall netal salt of polyacryllc aC|d as a
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absorption speed. Cenerally, a cross-I|inking agent
possessing at |east two functional groups capabl e of
WO e@eh3ase0 wi t h t he functional group existing iPCT/H2006/053439

surface of a water absorbing pesin is required to
react with the water absorbing resin. The

to the SR8 akis)siim@raig epécsl, whiability, ahfl bbwvei dunSurhptips. Coltnar stacks of
i ncl ude pol yhydric al cohols, palyvalent glycidyl . .

magpetifclaxers gl used oxith wisihsodaveasto @Qn%a @menwléwy&@g direction

! ! |
throfJH YRR serdlR B ratcARE mARUMVRIGH ) B8R oh chift he sate
Anothree calednt pulBain the sareeadirestionyserviek eyrotaie by asothdre 80ealegneanind thus

ction be perforned at el evated tenperatures and

hareg i to
changg ﬁﬂﬁ PFY pl aced under application of heat for a

l'ong ti BB theltidSourdeREpu1 &R afd L& t& Mgl B RAPEHPHDN direction to
~energy and tinme. Even in the nmethod for surface =
increase therventtingipsed: asfandt pulselo Startithe sotatiddoef thg P8GneBiration direction and

whi ¢ch .uses pgroxi de radical, Initjator as N
a stopyhglsd i ey SR 9 tF gt ByhS vl P mgecsagion time of
the @8RGz BRcliGResdicod.e and the additional

i nprovenent of productivity is also demanded. Then,

t he net Wbehighseitisaleyrment depsity nepded B7yaEhdhe megretization direction
: (0) . 1 s .
ror UG AIRGRARE Fleo R S BPRGY, 908, A BERaAL R v
criticzA dingat foohygreti-ationgecasg) dumdund10't.N6f A/dnlife Thistchaent density is
di scl osed in JP-A-1988-260907.is desirable . .
too high fesrmany gterials Pegdnip intRgrpted cirgeifss AYchpsImetals 4 ihigh current density

meajé&{[p(?gﬂ%glp%“{ép[&lﬁ_ﬁ%gggﬁbv\ever, since the nethod

I scl os in J -260907 does not involve the
fl ow of Ittihknovert fomallS patentrapplieion 2004 02578 eo provide a field effect

irradiation . with ulfraviolet r the nmodificat.i on of
magh i b oot aekics for S Bretin MRAR bk Secliold feftig Sopine The
deviBXhide8 WAL HRRYE sendBchdubles (HR) nfeHald The VIS kegions are

_absorbing resin has high possibility not to manitest
switeheddiyl amreleotri¢ Beldafadifdti on properties. In the present

state of .affairs descri above, thi S, ' iS .
i med ot RO RS P e v R Stect B D3R (P08 g phovie
ferrGIREMERE Vn-ddpel UBEnarRSRRS. Fiel dilutedmaliirtit BerflicafidicfordDWIS) is
training pants. The absorbent nenber conprises an
here g6 Mbi-AepesfealY seraisendiiptes. (ol meaowises q@pgg wathrgo ¥lnaverbeen
manﬁpa%ﬁﬁ' l%gc}%gﬁg'a{l vgé&%e b&ifod Lkiny V'ﬁlg rRLGh o?&ﬁfgfraﬂﬂvﬁl‘&l with NHj3.
properties as absorbency an dhSor ing speed agal nst
The dianpster 3 thiccnadb wirgsisidt 7(otira SThe $% Nn-dopeiGaN sianowirds exhibit room

hi gh ng%i ci ency of production. The present inventors
tmn9%§%¥e emagnelifMgent study in search of a method for

produci ng a water absorbing agent resulting from

nodi fyi ng the surface of a water absorbing resin and

has consequently discovered that the uniform

nodificg%#gp gff he sur.face of a, water 3bsorbLng nesind/

can be 155e8 “&fﬁ IYeRTioRy IS 1R BrovAde i mprpveg Raengtic Heyiges, and/or
integBdd Arrdd & subh d&ﬂ@esp?ﬁﬁ&ﬂé?&y fr nferfBriels NehdAdr néhsts of

irradiating the resultant m xture with ultraviol et
manpfpBiringisheh davigss.caordingitoc firsagpectatheiineamtion pravideFhi s

i nventiqQn _has..been perfected q§1g reSﬁIi. Nb%ﬁo%Frd

the met hoB2ENRHEPERGS PHBPTRE: A THRBPENCHY 'y ghRith a Tixe
magfiéifatios Biledion 4 fre@BRBANRIThy RIS c}ﬁhﬁédb'ﬂéimhgﬁé@iitidhrﬂife‘étion; a

made, enables a noditied surface without either using .
spacgr layer sgparating the firstapagngtic lyer angdrihe freqymagnrtisaygs, and a selection

. tial ¢ . at | r
deviGE SRN o B en R R IER il e GRSy FPATOH 18t par o the
seledtivngievicepe.grttle pwiteh, being Hermmpdaed ualummnad stractiver Tld swigdhas formed

absor bi ng agent exhibiting an exal ted absorbency

agai nst pressure and excelling in such water absorbing

properti es as absorbency agai nst pressure at a | ow

cost with a high efficiency of production. It has been

si mul taneously found that the water absorbing agent

o o o " o o o e o
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and the eluted soluble content are those found by the
met hod of determ nation specified in the working
we@x@mobesed 0 be cited herein bel ow. This inventPGHIB2006/053439
preferably makes use of a watgr absorbing resin which
possesses a cross-|linked structure obtai ned by
integrlly Withitlid euiBharatuctugy. Puferablytthe colagnbnsiAictir@isethano-structure.
nononer fromthe viewpoint of |iquid absorbing
The pangyelfyciyrg can he.p a@m“arq §r napgfube pRgiBRAT-on regards as an

monomer YRR, B sHESTRUCRIGE - FAGARR 8 Wi e columnar

strudiyre randyhﬂ magwhs @qylefsn thetroagmetiy dancezalnl bemadet smadler tmoandble greater

Ig ter the HEFIZ%gIOH Prefera? an aci.d

mte%?%‘?fg BWFBWWQ F‘Wsat 8 THEH BN CapAlCHMpER eV Tdng;speed and

alloR€h ﬁlgﬂrrﬁéiﬁogtdehﬁﬁl No%dﬁfon@l%é’d@ rrécﬁﬁ‘lteﬂ P8k the sél@&ﬂm dEPRe as it is
wat er- absor bent resin which can be used in this

incorpovaged inothe dolamnanstrussed Straylfeldseare raslubed dsywriting eursntscare low.
but i d b I f b bt ai ned
Howiyr, i Y uielf At uenre SRBBRARe Mes dB bR 1y~

cont ai NTHYpRRer itkhaon 621 l&eyappﬁé@fdlth@r%ﬁﬁc @ﬂ@éﬁsu@rextemal fields
means of agy of the known net hods ethylenically
1€

or these uting enly dickdsiasnerpte onibn mpgmeaticclenigpy /8.rid Sherqodurarpristructure.

The gResBiiah ARG sh pRE of aRATF yfRORERRAR, T0) (01 ‘T Re

nonomer The Ry gﬁbti@gletv&e tchin Be hitaregetl ia® @ nihtorpaahd having 01rcu1try
nononer s such é&] nmet h) acryllc acid, 2-(neth)acry on
arrapged 4 €0unle # svﬁr%nt ng thezco( HRRA SHOErGO Yt avféissﬁ%spm polarized

CméifldFMﬁo %ﬁétg;h alré ?1?‘4?%%19& 8gt aﬁerﬂﬁi BHORIEE

onrc aci V|n nrc aci ene
sul f oni Thacurtenh ahbng alhet olirhmaratheturecrandeiic a igravaop bii teverse

. [o cont ai.ni n nono, rs such a h acr
direQoRBE FRENE LIF TmOR) bt § VaRE Aorbng Fribg K EriRR of the turrent.
(et h) aghledhiBles AL ‘%@i@@%@%ﬁﬁéf?@b’év&lféﬁ@mﬁw a%te%terﬁ‘d'l $eld and
am no gr OUp cont ai ni n unsat ur at ed nononers such

withsptpeddimgttdy WtéemeisgﬁtMng qmenysetg rvyltyah@ state. Thus the dev1ce can be

simEQ:érﬂngleg%E 3 ngaﬁ&lgéﬁnﬁ F?g?l%i)g% aqvger cgﬁ%lmptlon can be lower for

readMgMindi Wiyt yausinkOfe efitént (HdRicBd A gdtBaliciere¥Bal for the writing
quat er ni zed products thereof. These npnoners nay be

procgsse dherevirsal eanrhgIpgriormedrapisdy, fee: Wrihin hundreds of picesecopgs. Stray

gqggg[ Qggg rs enunerated above,
ﬁeld((;ar gccry I'C aci gt Fpéj]t%ﬁ})sacryl oyl ethane sulfonic

aci d, 20hset modcofthamageet- lapdrl yarpeammive ddlutetl amignetic

F d I th f
semw@%tq?gw%?aé IPMé?e{F;%%PEP& th«; }?é/FVI a3 @olpnag sectprgiapd ysing DMS
mar b 0 0GP d R BRI S s vt ot an

extesmatifield mnstaiebdetdteraﬁerfthadﬂegwnt icularly preferable.
When an_acr c acid.sal t nonomer
onoval it e anfiEe 96 finreseRuietion dutt e FPBRDGFY g Te
sele@lofdlelicB By beSRbWA in SRERED, lé'@ %?ﬂtdxml@n@uﬁﬁg Afis prfcbssiy the

acrylic acid proves favor abi'e from fhe viewpol nt of
requirhé imapurity agonesf catnrb@ mmchxcecb b@aa@eﬂ or pwe@panttfor ab@mﬁ@n device and

| kal
maghroutRes s R 35 MR o Be iné msfars P MjpRbieadiipe,
heteﬂﬁ;trdctﬁﬂabtTl&ﬁdeﬁﬁécﬁﬂuétbﬂﬁh@ﬁ@%n%@bﬂﬁibﬁﬁéd GaNJj GHA 462 InN.
salt, and ?ot assiumsalt prove favorable. In the

pr oduct i b thigknesseofifag @acatl@mr 9€ the maggietic deyipreis amsngrdesuch that

the %%gg%ﬂ%ﬂg% Q?Vlh{il? EE gﬁﬁg@i&?{eﬁ a?)t?&%/ gf {Sﬂg)ﬁra%agnetlc

i nvention. Eexanples of such ot her nonomer conponents
are hydrophobi ¢ nononers such as aromatic

et hyl eni cal | y unsat urat ed nononers havi ng carbon
nunbers in the range of 8 to 30, aliphatic

et hyl eni cal |l y unsaturated nmonomers having carbon
nunbers |n the range of 2 to 20 allcycllc

T Y | o o s I
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performance of a produced water absorbent resin. In
initiating the aforenentioned pol ynerization, the

w@ologMasasseat i on initiator nmenti oned above i s UREHIR2006/053439
effect this initiation. Besidgs the polynerization
initiator nmentioned above, active energy rays as

layet! [Tt is @\bi@ hdtantagy that teapin Bip legah f DMS martlals dySucklardee than in
used either singly or in conbination with a

metdp| yneri zation initiator. Though the tenperature in
initiat
pol yrror 1 oaraer RErAFEILEE thiofls ¢RRCRETaRRera oyl e (such o

the iptegthperadsthaniga colpdingand ethef mhgndt cbaplirgsaeag., therReel coupling)

berwRGy e DL THESTEHC L R DF g Yo et fietedhyad shoulg e able to

rotat%r'PH@ fnBgn i RREEP IR BehPARD RIS Fors IR eukBBMar® for ferromagnetic or
di sadvant ageous with regard to increased residual

ferrimagnetirmetalst he produced wat er absorbent resin and the

e B S BSRS89 g e

semicBfduBdr@dycrREOEHRN The ESlimnariRols@ublurd MIahs mlwﬁ%&ﬁls are
suspensi on pol ynerization" refers to a nethod of

preferably medaped beesusp eleetsmsdiaveo a langenspir-dinslepgthdhay holes. But generally
sonf Pl ISR EUSIL T ST SRERGELS Ao IR ephasing

overdB§iaid2S as Nag a_44(4@ﬁﬁdrombkkr 4683274, and No. 5244735,
for exanple. The term "aqueous solutlon
pol ymer Argthepspestareyides;a ntegrtedaray il speh de¥iseszi ng an

aqueous
2ol vent TRAEEpaa el Aleilh Jfiat3l Qo ShafEL T witha fixed
maghbnzatiﬁﬂ 8i2&%ionNip a ddfi3 &R Rirectidm to4Bat 36 B, ﬁmbmagr@ﬁﬁ My&r
. 5124416,. No. 5250640, No. 5264495, 1%§ ﬁﬁkn
an d No. TBRSHEPAaLSiCRys 8?5]6%%? WP r%onso)g Fifgosgnt t CSSes,
whi@Pae Q8d B dadiRtic @RA%/sb that!thdse S¥AGRY tBansfHRR 1%%&1 magnetic

and the initiators which are cited by way o
semichhdistardDMY). The thirrse DS kagiion isfthgGee/ laper wlach fmctions dsa

e HE L o1 AR P T S350 bl on. o i

DMS8RéHién Blthy fiRk€layeewhicR e wed Y Weitahk tihf@fmmlnyﬂ@rﬂozrbm the
aci d group-cont ai nlgﬁémnoner such as e.g. acrylic

magpetizgtiom dirediion @4 thethinaMiS rggion; byymesns qf@ﬁtmtamucsé mpgaetization
reve}%af t)\ﬁ)ﬁ}aﬁ%g %1)1“9 g I%é%&%é (})1% gﬁﬁéﬁptﬂ%g%ﬂ%ﬁ)'e%glumnar structure
perfomlisklhdﬂ Bdad—oull?bﬁﬂle ﬁﬁbhﬁatldnh fe.nth nfiggnetiation dird&pne Thomagnitude of

t he rodu r absorbln resi n. containj an.acid
the GyisgiqRe oot Rt %9111. dzr@atl%{b?ff:b DS regianseln case of
paraYln%ﬂ] i angh h b id ﬁ’lghé} tfl if pr A erﬁ QR%LIIIIII&E Beéa'il?enth@g ectronic

ess than 9 a e range o
stateS Ard ide@tcahinl Bigth B|M$ regtmmselnp,he ﬁnmmbil}pl alngmﬂmat amelgetraxf with “spin

o Bl SR 1S PSRl 3B By PR ERGS Pondo

curréif & RAuded. RapMpArizBal trehtdaf ré¥derde RO ﬁﬁgﬁétiéaﬁ&’{\ﬁﬁ'e&lbﬁ in a DMS
wat er absorbency of the water absorbing resin.

regieif dlaicur@Bt davisiy is Inglyr\ﬂnanl a grisiwel @irent densty thay typwéhes in the
ord F ﬁ% 7t surface treatment from proceeding. After

688 ¥ t%n, generally the cross-linked polyner is

in the Prsferaly alcaytdanafithe dehﬁartsh-u&uteny Qitiulen al | ows

this hydrogel -1i ke cross-1inked polyner to be

unal t er Bxan integrated memorbarFay hyinga @%S%whwﬁgmp@rsmcmes are

Lo be dried until a water
a“”?%dﬁ;ﬁ%s?§€kf?6@8- soﬁld content (%) is achieved,
which will be specifically described bel ow. The water
absorbent resin which is used in this invention is
preferably a powdery water absorbent resin which is
obt ai ned by pol yneri zing a nononer having acrylic acid
(salt) particularly as its main conponent. The
hydrogel-llke Cross- I|nked polyner mhlch |s obtalned

o, . o o -
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wei ght parts of the aforenenti oned water absorbing

resin. If the eluted soluble content of the water
wW@R®eokisny resin is below 0.1 weight parts, thPGT/IB2006/053439

possibly necessitate a | arge amount of an inner

cross-1linking agent during the course of

pol yner Thaktrgyhashefighdetott lihecapbihg tiRnvifchéd dfahe HOMESs in a row of

t he wat er absorbency. Conversely, if the el uted

the %Eﬂyuﬁ}dea %esﬂ%ﬁe%im% fra cRERINE %198 OF Biiem oé herFoliirerag gucture of
dev1§% mllﬂ%}g Rahks, this will possibly induce liquation
a sol ubl e conponent during the addition of water or
an aque®@bes inveohtitn further nelatdsitod ammethdtbofsndmﬂﬁcﬁa.lmmﬂm agay of

fro functlonln as, a. hi nde tween t.h acen
magneHGCeVISS S?IBP% % ERfaYia) gravt |0 le mgghgtic f*WF@J ‘é’}?%e to form
the gdhﬁﬁngrgtrh&[{fég of powder, pr event the surface treatment
from proceeding uniformy, and al so prevent the water
absor bePoyanzgibitresy condusting substratm mumgarstrﬁ«ttum's @nch a5

exalted. The .wat orb n [es S [ '
sem e Aoy o (808 3 ety st Sk 3 aboul 26108 nm ana
withQ 18 :h 90 bevardl @ 00 alshdibnd 8p 16 Sdvirdl dMitrdeheter§ Sledrdw bpitaxially. The
| ow neutralization degree and then m xi ng

t he
groyh of sechigrangiires cagedienionyed. € rbm’n@ YL mw@h But also other growth

oS BERS oL OE, LORRKY AHEEAPE, HESEHDE PRSIy fs necss
to ensufeSgerpdndiculzg gtdvﬁhfaﬁ& Atgbod ETlesral@niabtingtis totadssetisll faf the

treating a%ents can react with the_carboxyl arou ps
workingpripgidle ot theemgmon; deyissofond Cﬂ@&ﬁ”ﬁ“‘ﬁ’dﬁ nggdefl begause therspin
traniofthnll 48 B dopbBR P Kot AHE Ay, L. 0o B5AIRpEndent TENBbrt, happen
insidethe n@rowitexdrurasotitbé  heicotumrer structune ybinprisesi tdroaegions, which are

sadi um acryl ate, for exanpl.e) .adj usted i.n advan .
dopgfs R Tpeteralims  Sa R e B SErCon PR MEY This can
be aElﬁQ\%'d%r S Ehy agﬁﬁé BlaNOw LS fdty RO Perc&idOrMI e sulting in

dlstrlbute uniformy therein, and using the

pmlhi ddutwhere armlmtbﬂrm)smb icombinatiohs Themeneseire and the DMS

f f
fegnms PR Talth B Bioalid s Pife. £ ffst PRk HgEIAGR Hieynotes.
Butg&&wm@gmﬁ@%alaomsb@msadned by pol yneri zing an
et yI eni cal |l y unsaturated nononer as acrylic

acid type
aci d suE‘he spgn ef gn elgctren eanchwrpsoirshivithowd dephaping uer distances as
y | | t LK
one 180 Bk 8IS MRS AL R aboe room
tempbaz[tbm &tlemﬂo‘rtahhthat bmh aM& b@@mﬂsmage different itlsickyigsdea s@ that the

cross-| | nked th pol yfunctional surf ce treatin
thickeg gegian dees SobFhsoie i R 7Ron fersdign o heassparateme Beph ragions is
[ .
pref%’ﬂgglé/?%rggr Bars R ihtefh */gér g %}ﬁ?g@ p&&)thﬁg qu‘f B{hepﬁw %ﬁﬁilc"%hﬁﬁngs e.g.,

ng resin. S Cross
the Pavboouphibg yThiessshites aifreeaotdtian ebihe thoh VIS regaore lBut at the same time

the diprosianp Sl P s Pl tham e pHTip enaa o s magehl CAH e dBjsensures

that Hfé S?Hpj)(ﬁﬁﬁzeﬁr&n’éﬁlt REmIRSHIDRS 16 ?i%h RedeRéth8 8thePPM S fegion to

er nethod to the conventi onal surface
chang\e dfs snaginefitzagion mrecrtlothéh@ﬁmweg PM$ vagion aoty dsdtbe memoay celly which

d h wh b h
sorGIiE SRR duiebe bR B SR 2bcor bent member of

thi s i nTR&intéatich dPadeccdsh (ﬁéld-l%ﬁ’é&l-)lﬁhﬁs1§t6r 81303 E(Yluﬁ!mar structure
wat er absorbing resin obtained by polynerizing, a

is adygpiageaus.rhesaise mopdditiopd amenis ngedsd fﬂfaﬁhﬁ g RpBHBIFOTS [lif means
that #2 a% ésg Mﬁ%o?{kﬂa\é lnggfn‘ﬁ ft‘:é/ scldﬂlﬁﬁftg r’ﬂ'feeagcé@ %Hﬁ§t?1a§an be placed
acry |c acl al ning precursor wat er
abo@hﬁ%lﬁvm’gleraeﬁvenddv%oel ng a | ow neut raI i zing degree. Thus
precursor water absorbing resin is neutralized with an
al kal i conmpound such as sodi um hydroxi de or sodi um
carbonat e, whereby a water absorbing resin is obtained
whi ch has -COOH and - COONa distributed uniformy
t her eon. The vvater absor bi ng agent \Nhl ch IS obt a| ned

g, o o . o o
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When the mxing aid is used, the node of using the

mxing aid is not particularly restricted. Though the
WOorRoo7/8p860 d may be used in the formof powder PET/B2006/053439

di ssol ved, dispersed, or suspgnded in a solution, it

Is preferably used in the formof an aqueous sol ution.

| nci denTh¢ néthodfartietwompsisesdotthinga gikyditleceic peduatl @ach columnar

ot her solvents than water within the range in which
SUUGIWE. sol ubility of the mixing aid is not inpaired. Wen

the m xi (o R | ' fo 1 f.Or %hgg

the m xﬁ%lﬁgiagjdlng eﬁ%f&r%%%ﬁ?rcsﬁﬁgr eylg rf %Irgéelrraﬁl ttgé}.l f'a“clt e > and
forming a gate @ledtrodey/ foe ieddharo lmnadtectuteadmthe fillddangnd the gatetdielectric.

absorbigg resi.n and Eﬁ% t heret o, subsegu ntly Pixing

t hem al BY§EPORNg 89th iefRoRiGREPRP the SeTpicon; columnar structure
and e THhIRB R4 6trolid, hd S8tk 88 nIBPAT RinfiBorddRtoP colWRInSF structure

The aqueodus solution containing the mxing aid has a
can beidépdesed by applying pmegatiaigate valtaghlhiswibredficetbe currdts through the

dynes/cm.nore preferably in the range,of 45 to 70 ..
sem AR ouifiar sRisFu® b9 3 Ysrathrtts of FERins g8 g 16 rgding and
writﬁg plydRESédnBe RRBONERS Fuithéhre Md/surduhdil gab1861d ffeeCtriRistor is

60 dynes/cm If the surface tension is bel ow 40
cap dhe mghswitshipg ifieqpensiss in theasdgsof seneral gigaherz.yThe access-

i f r ' DAy :

tran 3B obl pReschli AR B bF B Bl Haflhifbf (rholndPype ofransistor.
A bip6lat framsistorsian damhanudicaped withinahe sssicoiducrmamiwied by Hdopant

absorbed Ijquid remaining gn or flow ng back onto on .
profilpabqvs s Relotv 19 agthe deviegdn theiardgriep-8uar Pa-B- BrAaigfiing the middle
baseEEPA, th imEd WERUNThe mihvith n RATHIrGhY BY B Bladed s
conrgantlort.he aqueous sol ution and prevent the ultraviolet

rays fr radi ating unifarmly. The surface tension of..
£ e aqua Bt Eetiof o SO PG RS BaRaSF Gyghes 2 line on
top 6¥ athbeRiof tHeoluMhan BRI thAE & WahGebshdiRicRf Fadled by the
met hod specified in the working exanple cited herein
bel ow. ROgr dspegtstaf ¢hesiov¢riionameludesmethads offmamifadtaninggugh devices
at I%ast ne surfactant selected fromthe group
or anays Af SPdPVESSnoni oni ¢ surfactants and ani oni c

sur f act adlioRaMestfred AndadvadfagBPireldosibed BElow. DAY of the additional
used. Specific exanples of the surfactant are sorbitan

featyrag ¢ap becqombanpddpgethgs eng eppbingg Matheany oif tha aspeqts Qtheradvantages

. i Y. i .
will BE i R VSRE A B peoBEeidl P b Berpror ar Neous
varigifods ahd aiodificationyaday b ynedde ywithoat depattingsr@n she daims@d ehe present
. fatty acid ester hi gher a] coho] sulfuric acid ) ..
mvee%%?lfél,ereéqﬂwt Sl??é‘i‘iﬂ?%‘%‘fbé“%‘iﬂ%‘?ﬂd thatfae gorglafrftt%? Prgseny invention is
ilTusBa; i 1i@ th f e Frd¥ht inyention,
e Bl TR LB} PR P sccPO B et iyemion,
are particularly advantageous as surfactants. The
nol ecul ar wei ght of the pol yoxyethyl ene al kyl ether is
preferably 200 to 100,000 and nore preferably 500 to
10, 000. Holy thé Bre3BtS-Enfibn Wy BRtput Mitd/Bfde: Will 268 De delirbed by
may |ower the solubility of "the surfactant in water,
way aif exannplg with reteréncee dnthgfappénsled dravings, én whichdded,
i ncreaseg. the, viscosity..of.the. sol uti.on, .and inpair .Lhe .
i xi g BEopaPLy B Fhemmgg e AP Rent L A PRy Wil Fsclection
deviad)sorbi ng resin. Conversely, if the nol ecul ar wei ght
is unduly small, this QEX degrade the effect as a
mi xi ng Higg. 2 15 ghoxk whewatie Yighs 08 &riging apé regdingrnracsssps fer a
H?! . nol ecul es possessing solubility
mens ﬁgg&nggP?ﬁgﬁb%ﬂﬁﬁﬁegﬁin wat er at roomtenperature
may be cited, for exanple, polyvinyl alcohol,
pol yet hyl ene oxi de, pol yethyl ene gl ycol, polypropyl ene
gl ycol, polyacryl am de, polyacrylic acid, sodium
pol yacryl ate, polyethylene imne, nethyl cellul ose,
car boxynet hyl cel |l ul ose, hydroxy-ethyl cellul ose,
hydr oxypropyl cellul ose, dextrin, sodiumalginate, and

T
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to 5 weight parts, and nost preferably in the range of

0.3 to 1 weight parts per 100 wei ght parts of the
woR03@bs or bi ng resin. O herw se, in this i nvRCIE/IBRM06/053439

the mxing aid may be used pregferably in the range of

O to 40 weight% nore preferably in the range of 0.01

to 30 weiggbtshowaamtalsdrhdtive Baibedintient eoripayed 10 Fifld )r AnglRctrode

of 0.1 to 10 wejght% based on the total anmount of the

connggtinipsansasiditionalspages daxes A & is| agded for thareadipg praegss ip @rder to be
10 bng: s g@# . Qhpan aqueous sol ution,
Sens}aq%qétsﬁe m |lﬁg&gg)|53,ﬁllegm?ret Igglo%hzio’ch consists in
ef f ect i Rg. 7hed Fig Bushewajtetnhtiveisrabadimants or plinrthe ynaghetizaigon
. device such as, for exanple, V-shapgd. m xer, . a_ribbon
direGloTpaL8H 10 3T e Ty SUThTK SF PTGV i et i Figpb
m xer, fy 9ishowdh 5&Heinali¥ RRwFES array JTHMhbriek REcording to an
kneader, a continuous kneader, a paddle type m xer, or
embadiggati@ndype ni xer may be cited. (c) Keeping the
m xture.in ' state.The nethod, whereby the water
Aboor bi Figafui TSCaR 8 i B rhietfiios Aaiee Arehidine B
embbdlinfent. Nventi on i s nade, conprises mxing the water
absorbing resin, water and the m xing aid as descri bed
above and irradiating the resultant m xture with
ultraviolet rays while keeping the m xture in a noving
stream Thereby, it is possible to performthe surface
t r eat mefhe piresén indeyitiom o/l be ¢pctibeal witl ra3pedttto partitiier

wat er absorbency agai nst pressure w.t hout decreasjng
embpgigepistand WHHSISIGRIE o Serkaim dravwirgshub the jpgentippds not limited thereto

o S0l 49 L SR RS

the deope. {The dpawipgsdescrfibedd ane dnlyisoendiie anidetamen-bimitingglrt the drawings,

the %{e&%dshglteig?gl}éeflgthgﬁs g@ g rrme(agvgggtpé%ﬂanht ¥ d(l}lllrott H.faat/“ifng(lagqtﬁ:afeﬁ%gillustrative
purpoB&. Whetdhhe @Rt cohipkiding” Rusb@ & Ab PrBRMY QRN Thd Ll4iAs, it does
are equalgy possi bl'e besides stirring the m xture.

not exchidetother plententseor steps.AWhem gntildefinie or defbndterapicleyisrused when

and water js fluidized by.,the ,tion qQf stirri t he
refefi ) bl abin & RS Periey JsoB BPfloes by of B hOh unless
som@thigeilselab ¥petditallp stahd. rpm and still nore preferably
450 to 550 rpm |If the stirring speed is below 300 )
rpm t hFarthgrmore, Shestprms finst, scaond, thid apd thedikiedn ge deggription and in
. | . . e .
he SR 88 MO Bk i BUEFA S Aty o
desceibinggesegishtiahor sl dgdical oedelr dinis t0fbe undearstoad thae theterms so used
the water absorbing a%ent after irradiation wth tg(fthe

are ifierghagaplet Undgs APPTARTIALS FITRUISRRCSARIShatthReTRPOGITFRIS
. I . r J .
el SRS O] g o S r A rcried o
illustrgied hetelre her et of ore known devi ce. Exanpl es of the

known devi c are.a shaking type m xer, a shaking.
{ ceder . EIPAITION deserbenishay a NeCIAMOR] qnpppiufnqpgre or nanotube
maghetifandGmILEQN ety TNW-MR AN, EiXd EHBdIReAlS ¥arfBe apblied in the

air current type mXer, a batch _tyloe kneader, a
new dishd o fmisueelecpmonick walladanagngtoy ot sipin etegiening fsee Prinz, ificighnce 282,

166G 988 Wiy 4 Y Beicli 2 AR R £EnBRaF g wdiéi] A Bimbination of
the dhafdeafitid @éctfonytBatAs ﬂtfedrvﬁﬁblﬁ i & éro el edtromiosal i tHehspff of the electron
above 200nm and not nore than 400nm As a net hod for

that iggied Joripformation serageain hard\disks: Adtheughhehewn fegpse as a memory,
B . | Gl

othef BHIchidRiben o Rul S AinShe e SR BHE R BiAHne prosent
inveptionot i ng the rel evant reaction by application of heat

has been known to the public. For surface

cross-linking the water absorbing resin as descri bed

above, conpounds such as a polyhidric alcohol, a

pol yval ent glycidyl ether, a hal oepoxy conmpound, or a

pol yval ent al dehyde whi ch possesses a plurality of

o - T 3
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| ess than 1200C, still nore preferably only to between
roomtenperature and 1000C, and particularly

wWee@ies@ y to a tenperature in the range of SECT/1B2006/053439
1000C. Thus, the tenperature gan be set |ower than the
conventional surface treating tenperature. In the

present In préfited @mbotinicntl Bédlenion desice aid mmémotyodéxece are grown
carried out in an inert environment. (e) O

in a ginglgcRBivnar srpcivrespeh 353 BaRORieo Rho MY, eolaﬁm%@n@mwe” is

inted ¥ Yo eﬁ&)gl el :ﬂv % m§ﬁ %oﬁﬁihcbs% é%tlhaﬂ@ihk 36v1reﬁ or tubes
subj ecte DS 2 heat Treat atemaraUMe

and othegshapés which can?ﬁﬁ;@ﬁeftm nabeysangcurdht density.r adi ati on
with ultrayjo r .absor bi si.n ma .
be. & suiatienergaute okuds g RUBrHiGE i seteton gavice Gatt comprise a

swithe ree% @fah %oﬁhﬁhyeeﬁﬁf%iskd{' P, BB AR (PSRBT, HipihMBansistor or
agents such as pol yhydric al cohol's, polyval’ent epoxy

othet tramrisiond $hichrisl gmmylmtﬂgmllo'amﬂbﬂ)atoehlmﬁﬁh sanvesthistire gFhe part of the

swit&rzgg ;[?I!i i %Fﬁag&g@lt g{}%ﬁ BS or cgg%? :f%fﬁ‘fe §1§e2 ofI tRe cgiumnar

stru@iRaTES RghsA8® tan hevd & gatwie@e’cnma ridRGentas bf s&ﬁﬁmﬂﬁmg the
after, or during the radiation of the active energ

columygstrwwﬁ@stra@swtoh gan hwuaogaﬁm@g%tg@e adisgentitngr @rg@m the channel

and @5 ?ﬁpﬁ}a@%f ‘tﬁ{ th@ rg?gl{ﬁélg Gt ;(?h (a]ﬁ‘ (ﬂtﬁje %f% %@?tl ayellseclan %omprlse

d11u1ad piaghétivgenséondot foriMateiial DM SrDiring, this @ebqam:g the eequlred impurity
al um num conpounds such as al um num sul f ate 14 -

atoms,c3p e datrqdyeeds gy an nueish- dopatfess sgleatioridsvigs and mag@tlc

L T e

semmﬂndimtmnniatmalemmbe fwlindtaren $GalN) €radsfor ldWher pol yval ent

gtre y : pr 2 g glagg% ﬁgxp}lg!?scafg Elﬁg g A Lrl%g%etlé gf% {fﬁ]&ﬁ ITIII)J eé single
ferrdrﬁa%‘ﬁ@ﬁ@&éﬁnﬁﬁsTwﬁhgr%zﬁﬁon dRR1i85 bf thidimfe ferromagnetlc (|10éna1n can

preci pitation process: products of Degussa Corp.
be switched withan lgss than0Q p@t@swgmés feswlgingin & ﬁmpmg speed2d s*toratham one

. S t 220 a xi d h as SI|
sisapgn ol Rmfoic o8 nlisvielt SRV el Bt Bk aBReR haleitine
magRéBAHEA patferETRbher GithPidatBondd ofMetge mapeetic @ MIrbtate the
desi gnation of "Attagel #50"), silicon oxide_ alum num
magpgtizgBor arpAtion, thisdegadsitp pgond scalabalitywd nergwira GXWIDMRAMs.
conpl exqy, [ r . .
i xed prd i fiiheganat beRuALNG 1 BAEME hed heneti layer s
withifDa gpip fléy hgihl o)f nnajoﬂny carrizaof thé fist tagheticlidysveAghéond magnetic

t icul arl f f. 0,1
layet %‘aﬂst?ev@p@%@d" ithec ety ation gRecHsarp & GROTERgirection'o hat of
the fROILE gr absorbing resin. A water-soluble |iquid

passa%% enflanci ng agent is added in the formof an

aqueous Thomapnaiic deize ears baamangedas e menwdry hheng additional circuitry

e e SR
curréi ERNIRND altéfle @16 tRNI IThABEMat iIBRYS R fRIeIRShbdc la;ler The current

i ncorporated within the range mentioned above (f

can bﬁc@pleaityémgatnhﬁ golagem stiegure o arforwatdeor raveses dirastjom fgrriting the

memg d ”f thc'g’ nverhté i efe tco %n ! ta%‘?tog & lumnar
“éé%ﬁ"tl ) ‘hgagrr‘?g G0ertipn of thejcogent P

strud@ ek bs ﬂlb@l%”l"hé%hﬁhndi%&ubtﬂfﬁfr@fé% hdsflﬁﬁ&netrlc dlmensmns e.g.
treatnment). Wien the method for producin

the wiidgneithe golumaat staictse #i Digferablst mithe range Ao %b hOQngn, preferably 10-
4Omﬁxecuted t he produced water absorbi ng agent has an
exal t ed absorbency agai nst pressure w thout decreasing
t he absorbency against no pressure. It has been
her et of ore known that the formation of a surface
cross-link greatly | owers the absorbency of
physi ol ogi cal saline agai nst no pressure and
nevert hel ess exalts the capacity for retaining the
absorbed Iqu|d even |n a state of applylng pressure,
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the lower Iimt of the solid content is not

particularly restricted, a solid content bel ow 70%
w@o®3okisyo | ower s t he absorbency of the water aPSDIBYS53439

agent per unit weight. The fogm of the surface-treated

wat er absorbi ng agent which is obtained by this

i nvent i AR ifRgrald MEMEYTdriny @ah Hateatsubytritb end amgkirdy 6fle above
of treatnment such as the formof the water absorbent

magpetig devises-orhe qolumnanshvctaies of e deyigpoeasrbeartmneedhperpendicular to a
{

panfP e O LRl e LR LSRG 5 S D

magaétmddymet i & sow ofiths a&ap,camders;acdndrseiecﬂhescapcmdpie ahegs owbottom of

aver a artj.cle . dia ecified b
the ‘ltlf\ﬁ ﬁ%%e%rgﬁginﬁn%?ke‘i}%)lgaﬁf Ir W§n the rZ\nge of
10 to 1TROMheMcAH nmafRhaRbYhd ﬂré}*@nr}ﬁ{kgﬁle%ferpm#t&lal growth

600 m In this powder, the content of particles having _
of theiraagmetic Bayols onBOSUDSIrAE® form shqxeadimnarisiyciurest dnel thestge of forming

of .90 t.0 100.% i ght . and e ferab
a eafb ettt adund AR o GhER suBR e The asoR ek defbsted Sgpm any
suitdbtesewaé tduates audaghie. resi n. The net hod for production
according to this invention causes the fine particles

gener at Brerdbedimgnts 0 ﬂ}srm@ﬁ@et ingention, the serpptsebsteptelonay inglude any
I I
und Sélmé@g%lg(%mrg 3 aﬁse ﬁlva\,g §éHI; 89%011?‘&@]%% a de{rll%% rllg%rcult or an
epitaxidl ildyiee thaly dp Femsed: th cthert aﬁteﬁlahlve embadlﬁneﬂtseﬂus ‘Tshbstﬁiﬁd”hﬁﬂy include
for producing the water absorbing a ent accordlgg
a sepjgorducteresHbstEe BIch9s 68 deppdaicen: 3 gHliwm arseaidei(Fais), a gallium

i L S e e G G A

gernanion bS1(ﬁ@aagﬂwstrateT'ﬂhe {zabstratd”’emay inelude fd)rrexbmpleo an ufsulatmg layer

pr o ed t absor bj n ent | s hi f t gwar d
sucHs gD’ 55t s 48T TR oami Yo BPpOF BoRpy<Thys the
ternd fuBs RS Slko ARRRID! hl‘ﬁGO@Gfi‘%‘laﬁ %ihcroﬁ-oﬁi%aﬁﬂﬂfeféuﬁﬁrat%h Fhe term
ratio of this shifting, however, is varied
“subatrateis tbtﬁs wsed ¢o defnetgenerally dlevalementh‘é)r\lwe@rthaibgmmemglayer or
res tl‘o of .yadiation th ultravi.o .
portof§ bPingrfh®, ARSI 0P RaY B nEY ol hsoh BT by s formed,
fordkaﬂlpﬁ;td%]lﬁlss o‘fh@etma}eﬁ absor bi ng agent to be obtai ned by
the nmethod of this invention have uniformy forned

sur f aceAchillss san peikymed brigteen gedh qorhgnvmtrectymlﬂm@pdp the gate
e t & n! p#
regléfg %&???.g{eﬁ%??ﬁﬁ%%%é}% édrl abso ?rtl)ll ng %ge nt's %v e efl ller around
the gatadialeteici Atsecondrmyggnietic &yerounartformaf asan Ijpeash topo€a number of the
absorbing resin such as, faor exanple, absorbency,

colugmanstpiciuses 1o farp a serand seleghiien, and suction force, at
unusual fy, b ffand ﬁfl §n e}ﬁﬁgﬁﬁrﬂeﬂf X bik %En‘lo?% géﬁ@é’ L&Ohave a
in the presence enléa nsat ur at

olunmanslmcture irethe )fmtnuof a:)semiomslunbng nammrergmwn phpendipw@artly on a

h|S|n nti on .oecause the abso onc aC|t
bottdfy 5 eﬁgt)dwdﬁcro @b B ey eBerode b BhreRh e gt e two
magﬁéﬁjd I‘é? onP Of JifRfdnt BHidkABssks) 'vﬂhéﬁ e dbﬁe@WHﬁwlcta@mﬁ’@so that these
di sso inaratio of not less than 10 wel ght% i n

reglmmtmsiioza@)to apdiltgsl reggnstic séthisopdicjard M Inothisi emitodanent, the
thimgeré ﬁ)lﬂs;rgg%lgﬁ ?sttﬁ% frs%fagg %W ey Qfgfegfa:}é/s ?rsﬁg%qgformatlon within

the dlﬁkﬂéﬁh 6€the M%nwajaﬁbn STHeUhicRerTINISGEEIBA U D dSused 66 wale the
-azobi s- 2- am di nopr opane di hydro-chl ori de and

mfognazlonalz@ m iqtate the mmﬂzmqnmn@cglm} ﬁf}‘@ﬁ e PMS region, by means of
0
currfH 08 b Dion R BSEP THRBARYY bl Sx NSPRAe figld or no
exteffal ﬁelﬂeréed tol lbeyusedf(brsﬁlﬁmﬁg) I‘Alﬁplyn%/@ small veltageant] intsasuring the current
tenperature near roomtenperature and the
surface-treated water absorbent agent consequently
obtained is enabled to mani fest at extrenely high
| evel s such characteristic properties as absorption
capaC|ty, absorptlon speed geI strength and suctlon

o - . o o e - T | o
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the product code of "Type H 122"). Then, the drained
pouch was weighed to find the weight W (g) thereof.
wWab@70386e0 pr ocedure was repeated w thout usi ngPEI/VRET053439
absorbing resin and the drai ngg pouch was wei ghed to
find the weight WO (g). Then, the centrifuge retention
thro@gothe inhiyowicdHerfdrars dhe 1wad-oabdfaht Bif@thaltion sicC,ahél ﬁﬁg@eti@hﬁldih
the followi ng faornula using the found val ues of W and

diregfjon. Eaemagnitisle of theaqiirrephdepspdscon the redasive IPW}IZ%IOPWECUOH of

( [ r
o5 L Y LB G 65 ORI 5 B Sipra
aligpnes bacansOths efewirotiastates\araideticad inf MEDMS t9gidiiseln the antiparallel

i absor bency agai nst. pressure 0. .
Al R EBCoh B S0P BE S e slesttopiy St b spumdpre lectrons in
the Gh&radM8GefibR Hh&So thelcandhngrddneg] Pressure of 2.07 kPa

(0.3 psi) in an aqueous 0.90 wel ght% sal i ne sol ution.
In an aﬁpﬂvpdmts il the preseng dnvientigh ¢an have avrxtmgsm in the region of

I 01
morg il onf g8 Berba are BACTAIE miiho. TaYS 1 R po b dOnintiag and have
highGiérh&§alensdifis. Iu}m;fagedamh heiseMdSidNTRIAM 1Ry Bf sR&W 1dWer power

t he nmetal gauze, '0.900 %of a |ven wat er absor bi ng

consugptian.gnd{gzreduced stmyLiields, apdar b&b@r nasking demsjtys Ehant eandyg used in
t t 20 to 25C
comF e OB E b Re L O 203 and a1 oad 104

adj ust e@hes fevaal of th& ﬁfagnalzhﬁ@ddlﬁefctlan W/ackidaed By 3 spidipolarized
on the scattered sanple, given an outside diapeter

curreytiegfher fora thg vh@k DMa ﬁe&;en phirama f,srrem@a@eé@ tpp-glectrode. The read-out
s G RRLE PSP FURRARRO B REIL HHETRSLIER, 9 i cepends n
the magmtleatmpthmdtmeoﬁ the &in ilnMS mgmenehtwe tontheane of theghicker DMS

regidH, N3 S UFGOR B & B PSRen PSP e TP o Brovigh both
DMS\% s A8 16 Birfekdif eRefronit Qﬁte@ $n BasB ¥ bh aﬁ’thé);a'i‘alﬂe@ 511£ﬁ‘1‘1én@ of the

lameter of 150 mm a glass filter 106 havi ng
magmtmmomnnt@leg@cwnﬁa@tmm eorb»y:n@mgzd) MR AN ainum@:laﬁs reversal of the
i sakusho K i amet e
magPriet Zahen F%célé’a 05 ﬁ&ﬁgrfe%‘g iyt g %%Y g‘)éfcmg high current
throggH e banaddfe WAl aAdGhingabe RYGICH iﬂaFﬁetiJ\@elé aRvERY tHe

as_the upper surface. On the soaked glass filter in

magpefizajen direqtioshDugteethe highcurrgnigier wiiting ioh o IMRAM eslhbihe pewer

confg o PSRt ARS8 e A o) 40 ety

is lithhéddsophistifatél shoelding af dleaktriaylf‘lerﬂsiis)mqemty The NWaVRAM can

of m s placed so as to have the surface
addf@éﬁ‘é?%tdé%l\@ba&g? ted, witht he excess |liquid renoved

ther ef r ! 11 it = i

pl aced on Fﬁ%gyg@eﬁse nlﬁl%lﬁ eU Tilt (Ee%wggalggdr @}gggﬁ?ﬁgﬁnmd current
throu@t the relbent fhrmgagestinlaper. Thespiabétheabetohs foymarpsthts onerent acts

ft absorbing.the |i d under the | oad. Afte he .

os 1yt B aRETRAOD AR 2 oA ST e Bl P Sdthe agnetization
dneéti(fnt&ﬁ bRREn¥EbY 8T déeds] Rﬁh&fgﬁ tH@ b&hént H@ns%%\)mﬁsh B BRh-to0 obtain

The absorbency against pressure 0.
mag(lqﬂzgylomersal thel averadil quarentis smal mi@e tof\ihte rsmaH eilaﬂmtermﬁth@

nam(;c o mjiglt ¢ *Stizﬁ} %ﬁgp%%gsggs %Aule&k%maﬁ gs)‘eas 1n( %V\Bté-)thg 37 repe% Qgr}/ge are

difﬁ(:lﬂ) i/ dﬁfﬁhgﬁltcoﬁfram his the i‘a@t[d%ﬂ"@ SkBibitilisdhetv@li® the order of a few 10s
absor bi ng agent %g 900 ¢ (3) Weight average particle
of ngoznaser ulﬁ@@@yrea quargatrlnflw Enagneliratipy PERSOSArp@iceppnly tiny

stra}pﬁélﬁé )gals&ltlgg nay ‘5(,5{%2"’@ ltséldsl%‘i']?ﬂly%gl ﬁ%g]eﬁﬂ%gé{r?ha\qggg%of more than one

g1gabyte\per3sc(uiie8néh 8801-1 (2550)) neasuring 850 m 710 m
600 m 500 m 425 m 300 m 212 m 150 m 106 m and 45
min aperture and the residual percentages R
consequently found were plotted on a logarithmc
probability paper. The particle dianmeter correspondi ng
to R = 50 \NEI ght % was read out as the \NEI ght ~average

- o~ N\ o, . - o
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with water prior to each determnation and thermally
cleaned with a burner prior to use. (Referential
WE@M0B@60) I n a reaction vessel formed by attRChiB2g0GES53439
stopper to a jacketed stainlegs steel twin armtype
kneader furnished with two sigma type vanes and havi ng
an I NNeThy Methdiy Bfnoldbld for BeiBg n8n-551a@1@ﬁ1em©fw Bebytse e
ycol diacryl ate was dissQlved in 5446 of an

mfoaer}s@aug stesdiin ﬁhedeme&?@l@&l@eﬁl@hofr?afﬁrrﬁgﬂagﬁrélcmﬂ% is kept also
wheié éﬁ%‘;}g{g&e‘%ﬁg %vg&rlrlg{l 6)}?9'([)“}{‘18 I}%ﬁ&g?@el ?6;14?{%@& %sr g+1J L}fe‘i’stolnglrhomputers for
speedingrup thé startof et dompusayland fareplacing hadr(httksd[t ihas been shown that

t mo ere of nitfrogen gas faqr 30 ' ut S. en. 20.
smafl gy ATHEBge oMLt T eEhe 1 peed Qlrpeyh th one
gig aﬁé}@z RRis%echlQfin gé}gf}ﬁ’g}?%ﬁng spec€bOIRE K- MRAM PA Ko B Htoposed

sol ution were sequent |y added as kept stirred to
acceshiieldefifecti-wansgstarican awork p‘rdnylﬁwrhlglaﬁneqmnms initiated

wi thin nut e of he aguequs

ol ut i onrabl SCAVE: Bonfini reBHSUP Biuld orl 0K B et cygls are
need?d té Redpthe Wbineutioh CTAONWENRIEM dénSumiédévie UsE power since it writes

pul verized. After the el apse of 30 m nutes subsequent
the informptions by p spinfpofpsizodrevnrend thap Aceds lepy ppwgethan piiag the magnetic
ﬁeld%%?g%hh%&k.ed pol ymer was taken out. The produced

drogel-Ti ke cross-linked polyner was in a form
fi neI y Hiigh siethotyndedsippcdn dohiensd ifahe namosviteh Aaveadiamtters of a

mmin dianmeter. This fjnely divided hydrogel-like
few 40 paromgtens cilsp shearsess figld-¢ ?%alaermwaiomnmw #hditignal space if it

is m?lglriérgl (P ﬁﬁﬁd’é&lﬁe %ﬂl&‘aﬂ@ R4 (aefﬁlté/h lﬁﬂnfed thd Pdsolution of

m nut es. a water bsor eS|n (A
the wondrrext loit linesd As evith angtmedgnesb apery, dbeye Ilsymﬁnmbltmty agihs

.aggr egat es of. a ticul owder roduct was
radi TR st coic farbeles sBe R nGrmBlanS shyed i s BhutiAlan
dneé‘i’iotnrhnﬁ dod ﬁot%l‘ylonalﬂéjbﬁﬂifﬁﬂ‘gf chatggsified with a JIS

standard sieve having an aperture of 710 m Then, the

Emhodiméng skewmin IB. had passed the apertures of 710 min

the for 0 wer e .cl ass

st andar 8 BeCTRBREDRH Ine Bl br ShomedinViihis Aredigrie 1
inclidee a\WahSWir@ et "On b Bibitrdif kibsthR s \asctibel Q%M%Sﬁﬂown) a

the JI'S standard si eve of an\%gerture of 150 m Thus

non ferygaagnetamiestasm plgetrads; 170(npovided Q;meChé@rmcm@lqmg@anownes
(SRR SROehAR Al ey Al pp S DR Wiy e

grovth @f suidhi ressowires\wani be peafoted, eqtyt the VLS (vapisr lmid sochldy growth

si ze dlstrlbutlons sh in Tabl e 2 were obtai ne .
ProcessasEEd oA gyr grRWEh wéaewea §ay gg appl ICﬁQIPn“élae gRjtaxy
. ¢ ]
Pf°°§%%§‘?§¥‘21g‘°%§§9 P&?E‘%‘%?‘&ﬁfe% o 3E D ETack sElorintafd spin
flip pnmdesbew lAnlggh mtenfiave rqua]nﬂywan lezaﬂ td Biglhtspmspolé’rlﬂﬁ cgrretﬁts 1n a

ate was dissol ved j.n
semfiondictoty 1S Aericled T b b PARIMERBIATS R AVARG i Figions 20 and 10
fornﬁﬁ'@)‘f%ﬁﬁluﬁe@ﬁﬁ@%ﬁ@ﬁénﬂ@oﬁue% (MM% i 8aibd Sidieved by doping these
neutralization degree of I%to prepare a reaction
partssoff the semicomdvstor, ¢.8iGaN, e@dt 2 mgseﬂcumpuntw@s; Yeevith 2d

condsBurriih R G0SLET Ry M b RBRAT B i VORI EP P8 Physics

Lett&® 1861 03230620033 ]. 55hiOmednsaio tRe6jab& dhs heddElodRtdtown, which results
L-ascorbic_aci d sol uti on were subsequent |y added as

in a pEsessHMPlification, t he reaction sol ution, pol ynerization
was i ni
1 S SRR O Ol 8 i 160
at the dottoracind dtspader Byet 30 BéWearhihke ewd neaghetioiagerg ef theI&BIumnar
conti nuously pul verized. After the el apse of 30
m nut es subsequent to the start of polynerization, a
hydrogel -1 i ke cross-|inked pol yner was taken out. The
produced hydrogel -1ike cross-1inked polymer was in a
formfl neI Yy d| VI ded into partl cuI ates not nore t han

I -
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a 50-nesh netal gauze (aperture 300 n) and dried with
hot air at 175C for 50 m nutes. Thus, a water
W@b®ookisny resin (D) formed of indetermn natel yPGHER20eh/053439
easily pul verizabl e aggregateg, of a particulate or
powdery dry product was obtained. The water absorbing
strudt@®i ThdsPregherss apdIteDMSebgitink Shéuld bé h-dped rativa tﬁdﬁrﬁ-ﬁ@’ed because
classified with a JIS st andard si eve havi ng
the spiybpk qlpcirogs haveporders of magnifyde lpnger ﬂewl@f»,maﬁmﬂs ﬂmdloles do. It has
beer 3R SHE L 88ctftin 4 Be Tphika ol PUGARL R over distances a
longha\ion gmanmnwpmr 01] tap of thd SOI MW a)fermmagﬁeﬁdniemmde 100 with a fixed

absor bi ng resin ch had. passed the JI.S :
magBetiaRTs BoRosiF dieapan SHLS BRSSOt san og aqevse by cither
o PRI AACKERL (Tl WS b BB 10D WA A BEEI e
resin was rated to determ ne vari ous propertles

in a renge of é@ﬁ:ﬂ 900Pe phby pianinggpf tlpﬂwmagtwallzattnmbmcnmeby gh (ficial)
"anti At TIRF Ees il BnlsgltheRiieh B Sc AR i dn QA otrodes

should bd BEmaAb %Eev%ﬁﬁﬁdhﬁdiﬂl §;ﬁ§us?e(neéntcts§ﬁaﬁd@§dt th® Schottky barriers and
Referential Exanmple 1 was pul verized with a pin mll

to redep the mionking ypliagei i eage af emicisentaets thase srintdgpendgniassistances are

s 195 4 08 AU B 5 LTS BBl 1 o o

samépagins ¢heofundibenals Eftstﬁn igestidneTha DMB higitgs hatd ﬁvc( d—’lﬂ)srent
was obtained. This water absorbing resin (A2)

thicknegseg sp thagithedhicksraegign ﬂB‘EanOé Fhpge tits gragnalézagion ésratttonoIhe

maghﬂ?zaﬁ@ﬁ b?€tioR BY HeGRlckQ IRR 1%ﬁ 19RAYEd bB £ %@@Lﬁd Pen%ﬁg he same.
e varil ous partlc e Sl ze trlbutlons snown 1 n a e

ThisZs aelhievedibyanaleni ﬂ)@ﬁegmnehmkerl thdmxthepd gior620; Thnes indhie case the

oA eSSBS L e B e
withif the kP telll 1FeinSY f e Rfbr BeARE AR ridkive fhnfg i@ deplcted in

remove the water absorbing resin particles whic
Figsndan 8:sgineing ofithenagnstizarion aanragtiferrampagretitsee big. 71@r by an

. Thus, ter resin (A3) was obtained. This
artlct‘i@‘ilazlﬁnﬁby\ﬂ?lgﬁgfbe? SSS?‘ 3) was rated to determ ne

var i ousThé Sdpafdtiof betwden ghds€ DMS répliordsiiBotildbe Mtger than the interlayer

physi cal properties shown in Table 1 and the various

exchgnge ¢qupling ppdotipsmpgneticiconplingoiag:, the Pealigoapbingydihat means that the

magﬁaﬁz% 15'1? Irﬁ(t of) Meetgtln)nell gl?@a{nlatglta%e ;np?etsﬁe%dl?n?{s shown by the

doulﬂb aﬁbtss BOregi®ai20. AAhbugMowhameﬂted nertiRhily, i grinéiple other
orie%'é‘réqﬂl : rﬁmrl nng ggsglbges Tétle L}L)g-;prgg%ﬁfg@hgc@%gog@aggoo r3[())anckness should

be S%g%%qh%yk%% ?%H%Jl cﬁa%g%:&f ik ﬁ%@ ga\{/rg%,giz@ ?r%ﬁ ecu ‘I?ya%g |ebeCtrons

insidetthis 26100 butrthidkerthanthet rmargneﬁbcqmp)mgmbetmeemrew 28ckohe d 0 to ensure

the stirri cont i
that e anetingion Copp el oD AP sRns ChmeaiBE dOgppRRcahof the
magHétiZafih Qir&dtioh @Y $egdén f0.r adi ation intensity of 60 mVcn?
for 10 minutes at roomtenperature by using an
uI t ravi EEhethlmwyDM&mmn yadeed the niempaty: col) whighi storgsethi i

nd, sQ nger t.
infoftygop s RRp drpEidh A i S tesien withip fclgechangceble
magh&itibaaiectioy shbdd Ha Mcie eitegh Yo amirs@beht UES thd Megnetization
product code of "UVL-1500M2-N1") to obtain a
direcfignslapgenqugh abre RRETBHOR SEMCHHE, @geh? yeary at rpp@-temperature. This
theS|s of the produced water
effe&%gﬂ%hgg&rdﬁ;a{]ﬁ%@fﬁare shown in Table 3 and the
results of the test of this agent for various physical
properties are shown in Table 4. The various physi cal
properties concerning "the water contents of 8 wei ght%
corrected" indicated in Table 4 were the magnitudes
cal cul ated in accordance with the follow ng formnul a.
CRC(g/g) after correctlon of vvater content of 8

P .
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2000, made by Wako Junyaku Kogyo K. K.) sol ution
i nstead and changi ng the rotational frequency of the
W@ 20071036860 vanes to 600 rpm The conditions forP@€HEB2006/053439
synthesis of the produced watgy absorbing agent (8)
are shown in Table 3 and the results of the test of
this ag@ndelécion dériteofds tirrmagietivvdevite danlbeta sﬂwltdhEagnmk gelecting
9) A surface-treated water absorbing agent (9
Q?ZI}FQW%@HUWGF &he srlpctignidswics isretiabdy BrdeEinimar YfVlmﬁhP golumnar

and 80, 5 A IGO0 PRIV Dk e

trangister B§fk thongk dup@nciple iogiet tyides caild Be usealdA dhﬁmh@l Shiod gate region of

Kagaku .K K.) solution i stead and chang
the (RHURIT é1Torinbd BY Hib e e OReG o Ao Vlne St gragpefic lgygr. and

beloW‘tﬁe Méé&oﬁ@ Wﬂe@olﬁrﬂﬁar%&ﬁ&tﬁl%% §ur9<§unﬁ@<?b§9 E%Q%Qﬁéied‘l\ﬁ& 60, of an

absor bi ng agent (9) are shown 1 n Table and t
insulagiog mageriai. Theegatecelectrotle {70 isurromysis thef @rcuva%mmpso fphgl chapaé¢l in the

conuinP Fhieh S 3o Bt R dlte: 7HERAE HeBlsod oo E egratea
acce¥drsistdrcan Bk Mibricat As 6 Alrip-afstin® bae 6l incsdaké R Eouplidg to the

stirring vanes at 500 rpm and irradiated with an
regien $¢-avi ol et rays at a radiation intensity of 60 mNcn®

for 10
% 20, EUAE 3 rACOIR EABEOLULS e ATKO9680: 60 s S0sor
SlgNﬁ oKan)aﬁtﬂiesmblécwm dﬁa’telﬁdi eF qirpbduaionmposeé it can be different at the gate
" UV- 152/ EVI NSC3- AA06") furnished wth a netal halide )
electrodgand theectiyy dswses% e agiiigAdeyics ifras glsg bggrore-shedl structure with
awﬁérqgﬁggtﬁode of "UVL-1500M2-N1") to obtain a
conpar ve surface-treated water absorbing agent (1).
The con@h¢ cansnfustructuee basdidrastess io thet fargg4®Ad amchnd a length of a
P %ﬁ%ﬁ%ﬁqatlve wat er absorbing agent (1) are shown in
cw BANOMPLeTHe results of the test of this agent for
vari OUSTH@Ye%Hﬁ@anHWﬁf [r6Gs@s&hsWR WhehititaAR) B Fgs. 2 t0 5.
Conpar ati ve Exanpl e A conparative water “absorbi ng
Writsnginfor2yionvnsansothal the maayetizetwm direngion o thertbinddMiSeregion is set

acco SRR AL hipR OER B & e Deis il 4ok 1o Fighef w3 ffow writing a

“1” gdnd F®SeSpedfivdlii, th@érﬁﬂngS theCdirgetlombf the wite etirréd anBithcolumnar
agent (2) are shown in Table 3 and the results of the

struqte@t Tl megnesizatipardirection ganr heoigyerped y & spipwofeized ewrent with a

Specsepa ag{frrerrﬁkdle n&géﬁ%o a%%uar ion lr:%gém)lng ]pigt)%thr} Vé?ns 20 and 10 are

paraBeleeeiF 1g.gQ)rths t:uil're(nlBlis) higles tipnai€ &IéyamjalﬂipafalllehhsVdepfcted in Fig. 3; the

sti rlngv 450 rp meanwhi |l e 1. 30 g, of, an
reasRyf) Ebisvel ey algqalp%eaﬁfm ¢ §I?ﬁ1 PEPRiCRIqrRgd) region 20.
solutio t r
conti nug for %{%@ m8(?1 il}fﬂerg‘tllae s? f’l rtgﬁw%hhg S{rn[e}&l\k/awgﬁs high current
densitiyrisdifcdtowedach imonMentional dihn tfilmagchnalogy bntidl isadtlicady inherent in

' it f nW e, f 10 t
s i v Shaf Qiadiehs Taiedrddt 26 A e 0F aftanb Sifess ptige columnar
strudt@néi ?Ein(rﬁﬁﬂﬁfeﬁﬁm%tfé d8R brmka gtn%\Arfgr@ﬂhQne‘ﬂlﬂ @ Mmatr¥Bat can be
product code of 152/ EVI NSC3 06") furnished with
switghadewithin lesb thae 208 picosermud résyltingdn gavrﬁmgcalvpemqf morg thasl ehe

eigalige kRS S na e PRy Amall Yy SR MER ko BeR Rt e
magh&tezation Pattdrd [b‘adfng to b 3Bo& yoaldbagly Df NWIMRAMSD duced

conpar ati ve wat er absor bj ng agent are shown in
Tabl e 3Thaepagdtput pthgstosedsinfarpma tl%ghovm mtlhg% 4484 Stregpgetively,

I

and YL BPYIIERL BRERGE N PRl P Pl Bed B rithe. gypical o o
mVg) i thezlired@orgusell forheritiag &11°gasd ﬁiehﬂgingeh?é flowlg)cumast. In Fig. 4, the

pl aced and stirred with stirring vanes at 450 rpm

nmeanwhile 0.80 g of purified water was added thereto.

A conparative water absorbing agent (4) was obtained

by continuing the stirring for 10 m nutes. The

condltlons for t he synthe3|s of the produced

. . o - oy o o s o
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This invention relates to magnetic devices, to

integrated arrays of such devices, particularly for
woremod@s) and to net hods of manufacturi ng sucPCT/IB2006/053439

devi ces. Magnetic devices thajgquse a flow of

spi n-pol ari zed el ectrons are known for nmagnetic non
currsiftldatetie@ byRiumemt. defetdr 180 dewpléadoiiah@topyant hottortletecivodes, is

| east two_ferromagnetic el ectrodes.that are separa

t ed
aboysa Grshibrrsheldnehown by paloftad line)jngdicatingz ‘ethas begn read. In Fig. 5, the
' L. | £S5 &
cuntPhabs ol LA AHESSERS ] | DG Y nd soond
thresheddssha haee thé sirthe odéiffetont da pesn tisbothn DIMi® ragidma thaveea parallel aligned
. ; , , Foth . I
s §3ERFA sh P Bt B B PGS B SR e 1

the 18fdr calRPtha kleBlrof With-a spb&ific HE AEEEFRH deRfiSe td Bie Ahgnetization
parallel lines but point i'n opposite directions). One

diregsiomgiftheidickIPMSdhyey tiavels iftom tia dimick DMS regionpyia thednon-magnetic
' Lol ti.h hi. gh ivity.th th th .
scApE s B i FRuS G o B0 By s

proce§e8) B ey d18bnGHllleABo i tdrAi FEBAIPpd HstRE it tht Ahih PMSfregion,
its magnetization. The second | ayer is known as the

namelydbe statpe fordheiothersspimdineotion e tmthg jantparalinh aignedgeagnetization of
bortAERIORE Tk ot e Rec ifn sk Vit e hispfbe Reyting ino

hightiesistadtesndaoch Tolves clirfet.devi ce resi stance can be used
to read_the state and distinguish "1" from"0." In

convent T8ARdfressigAsemory sellighacessdidd-rHRgrifansiptengyn be included
s 3 B FRRRSH ol AR BT g o e s
transistor does notlimititigscalabdsy.| Bycddpesiting argatehdieloetgo btiween the SC-NW

| . Cr - 1 al L limt it f .
and kiR et Pleiradk e Septransafthe SCTOR R0 e sl Y appiying a
negdtive g volthfie BYRBREhb %gfrérﬁltﬂ%}lgl?ﬂl%rﬁ-w ki1 B %Hu\‘i%d several

are limted to about 0.1 Tesla at the position of the
ordeey efonagnitude. Runthetmdrecthie surcouwwdedigate fieldecfégst-trangiser. is capable of the

i O i e R GRSl hERw.

MRAM &i@l i on. As described in US patent application
2005/ 0041462, the spin _anqul ar monmentum of the fl ow ng )
el ect r oRig- prshewsan altemmativetayer siackof the DS layerningide the nanowire.
Thef@aag@ﬁd EM% fégio%% “ﬂth%;%ﬁq‘{ndggle{ i "o? 'aire;:m)%s qB,V 3 TPe DMS region 20
el ectrons transfer a portion o hel'r spi n*angul ar
withrthérelingsatl © miaectiatidpdicaction swessahe inddrimanioand produce a
torque gn the magnetizatiqn in Ethi s region to al

er .
the di r 6B POHNGPIAgEHE nPLARNS (RARYBIISY S mdycefﬁav the direction
r i I .
of tHe \fgfrrrtsllﬁtg %ﬁy)aﬁ%%g%r cfuﬁ Q(t) E%%ggﬁﬁe&rar: c?}gfgetf Ilﬁgé;]lr sgz%cﬁ, the reading process has
to bochampeédat i on) . Thi s patent application suggests using

| ayer netizatjons that.are not parallelt he, sane. .

ot ot OHSHTP 6 P reen o s adeyo e aEigBLp 1 bE Sehsitive to
the RASRHIRIInQLrecict MMgIonpacks of magnetic layers are

used, with widths down to 200nm A current pulse in

one di r Bigt 7 showhamaligmative egtbadiment mhers the magnefizatiorhdirection of

.maghet i.zati.on by, ..180 deqr d_chan he state. .
regilih B R RS dneahycfPamiane o R SEAPEL S irBbRiCeowplne
betweeh @HeSreBiyn@ NPAMEL00LEA diR IS GRSnASItV IS ShaiDteriddignet from

state back, So the two current pul ses are used to )
extepahmgenqticdiakdsy thetqoomitiverficddsrafaegion 19 és Yany highgempaeed to region
20 witing speed: a first pulse to start the rotation of

"the magnetization direction and a stop pulse in the

other direction to stop the rotation. By this nmeans

the precession tine of the magnetization direction is

reduced. The high critical current density needed to

switch the magneti zation direction for netallic

ferromagnets is reported to be a difficult issue. In

nmetallic ferromagnets the critical current for

e . o o A PN A NS ANl o~ ——y
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rotate. The magnetic coupling between DVS | ayers is
weaker than for ferromagnetic or ferrinmagnetic netals.
wee@ies@h y t he col utmar structure includi ng tPer/DiBI6/053439
| ayers is an n-type doped senjgonduct or
| ayer-structure. The col umar nano-structure and the
DVS r egFipng shéwes @ siteetiaaive embodimmat oDBigansehet Grirmayigtization
. have a longer spin-flip l.ength than holes. But .
diregjionenfgegign 40 ispinned by anarfifisiakantiyferieamagaet $00TRegions 1) a5yd 500 are
C «
DM Redfe R BEeh PO ARG 10 B0 & R e BRAR DR 18510 s placed
pr ovi deBuato thetistgriagtee dxclrangg/ caipling the daghetizd ionAliret tiats in

.aspect the invention proyides a secqond nmagnetjc
rogiqhiy yang 0R o8 by ALEPeHAGHRATRL SAPhibegc Rohoup ot both
ferrd?hefgfn@ﬁ@f_lb erdii§ 8&hlaPRg WAt iRedeadfig {faer thicRhestBIN BEtween

| ayer . e C_0| umar St ruct gre can conprise tV\D regl pns
ferraphagnicfi¢ andearti-feioviagaeticarouplvg. Moraoer,dbe echphipg stremath isc

decrii oy inciob Ater Pcknie)t hé Rt PReh Sefeopt g i Dus
regiors T0MAfI00Qrd Aled whtigahalfel el haSa Biphar cHRIGMIV G&d khadNgyer 20.

stores the information within the direction of the
magnet i AaRasghle Wayeofiaentardng oaiBgleangnaeryicell iman arrgysef NW-

[ }: ' t [ i P .
NRASHS) 15 380k R SLULPETRL Bl i, 8 owsof
thred @@lices ardghommathereodanbemiaytmonegelg estgaragsdeinian atldessable array. The

reversal . %pl ying a small vol tage and neasuring .t he
array ¢ REATAngE gie s FRd e8lunes 8F Ay Rtherrierqlemr Sphelatityeonly a
Cartgﬁﬁ{jéuﬁ’éﬂI wilf %&@cﬁ@d@fﬂ@ﬁb&&n r&ws edeh RaVPIRRbhF 81EQR 'ﬁﬁe in the
I rection. e magni tude of the current depends on the
formr ef bit live fompad by patomectdd tez tapareatdod® of énchidb theadpivanes (200A,

2003200025 5 thi 1B, Bhia EpFoa R e e i 1« RS et Electiodes are
cachXdonh&ePloot feMd Bfth) diffcRAt RrsPMiedt 8i8EQ S the Bk BEword lines

antiparall'el” alignnent an electron with "spin up"
(showmtas yedicahlines) whichenirespondtelqf.an Figs pi $o demiges 200A and 210A are

conegéat BB woud Efe el PP R4 OB AR ol o f 86 lond e

and &GERI00E N1 10C afCédn@Betbd ot THiYE wadlis) Thé bb#isin €léctredds in this
density is higher than a critical current density that

exarpplp jatedl] ganaectedito eongpee graynd.105- 107 A/cnR. Preferably
at |eas . d ' n
| P Ak LG A SUES O i D 0
amplifitationaot tisd sigiedldietescanrbe phiced blgwd o @hdethd satlvardetioe tikkg under or
substrate. The art{lay,has a first Sﬁ%ﬁfo& line couplin

abover{ge sgRaEEsTIYS thefk ITRR PREASPRGF Bpe fhe ¥ ey R the

. | 0 .
pecf SR L O Sk e B4 O o o
not fided aihiglequialignsubstrath dor the paiveb. Futhermexehthd salfstrate can be silicon but

. wuf act ur i t h, f ti devi i Si
BB BRI B35, 21 Bl BRSSO 5 SRR P
flexbAit) AW Rsien LAk WHRAEISAGIEL Ures. On an aribitrary

conducting substrate, columar structures such as _
sem conbigst 1hig ¥eshowiin emosg Stinmgl views, soroe abihs principalsteps in a

di ter .of about 20-100.nm and wth a ngt h.of
metf PR R Ao NI 38 stbhfrfinl FE g 4 g pgttom
elec@6ABNT0ER Fdrined dnlaysubstie ZXMH Figdfl 1 sdedinbi 08 tie @Surbid? skctures in
erforned, e.g., by the VLS growth. But al so ofher
the fgﬂa\nf Ranoyyirasidgsraibedahovsare gromncepifasially apd perpendigidarly on the
. 0 tehiAg . .
comiioh WBALARCLRAGE 1FiFSE" 127 e Sifes BFink Tkhokhy RERARE: 48 covered by a
gateclisiéaré material 60,0t adike D30 &l fofmed infbetwehkhacplpmharcstiukres.
of the menory device. A good crystallinity is needed
because the spin transport and all spin-dependent
scattering events, i.e., the spin-dependent transport,
happen insi de the nanow re or nanotube. The col umar
structure conprises two regions, which are doped by
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direction of region 10 of the nmenory with the
sel ection device shown in Fig. 1. Fig. 9 shows a
W@ ehesissc vi ew of an array of menories accor dPEIYIB2006153439
embodi ment, and Figs. 10 to 1pgshow steps in a
manuf acturi ng process according to an enbodi nent. The
pr esent In Rige 3, ithdigate blectbeded 90 afd fodledvhionnd esholunimr structure.

particul ar enbodi nents and with reference to certajn
In Frg Advi angasulationtlpyeriisoamed e tapsofi{be 2ate glegiEedes andapgnipgs 250 are

L -l . : . .
oS gk TS oA SR GRS b
colusmanstngsurekeare léfbexgposede [oRigy 15 che first selea hidlesainethe form of word lines

on-limting. In the Wi ngs, t size o onme of th
are R pConSgeigh Yoyl Beapaings ASh Snf e Big eleckafes. The
top dlbdikdbS PA0 o1& RHORASRS Ic MIBAA ard 'Rl E6MopTTTRY Ecthifar strdctures so
used in the present description and clains, it does

as torform ditdingsleAlse,Hhe grobadreonneciion totthpbotton eleetrede is completed.

indefinite or definjte.article is used when ref rjtinlg;S

to a si MAgPLEsent fnyven mbmc ugns g}thméhs.scop% Ygiious {rf,ﬂd ications and
altern Ve 08 aftifetromalnddic stdbAized nbgnei K65 caBEhbME el iSthe

Is specifically stated. Furthernore, the terns first, )
nanayeie dellowing kaovwm aringiples.Thds ¢avld beanpiher dayer uging & differpnt material
.t he j . ISt | shi .
i ne g e DRIS SiEbd Bhn; e OABSIHAB GO B e femgmagneti
electedp éistead lof the top elecieddeg ThatwO®DMS layéis wotild fedd@o be swapped in this

understood that the terns so used are interchangeabl e

casey RBretransiinran s decatediad thesostnreef thierlpmagar stpgture father than the top,

rega?&lPs@%F%ﬁ@ fayBis. THEndnd%HRichi Be HERAN iilpﬁﬂné"&;aqj t& form a
capable o gperatlon i n other sequences tha escrfgéd

nanadube, whicht coatdeet Usefud torediedoxidy fetdsdrate sler dunedtsspaticudarly from the

g eee 30 kiaR AR KBS Grashown. Inthis cas,the
bottGHRRLFEN R ulPlsPBbe feRBhlageticwiilgh AfWatdiR] slighkd magnetic moment,
m croel ectronics call ed magneto- or spin electronics

compareé tcPthahef, thStapealestrod 8 Onel@dbe (W@ aBitacts/with elsctredes should be

oA ofgbs SEek bRl o profiRan e B Feeling prgpess.

Otho gdl@k th théthédsah@eVesica®Be a§edi th the spin of the
el ectron that is used for information storage as in

hard di diplicatonyfgmberisngnts ofithis NEWaNRAMean ingludsithelarge
marR0F LSRS0S U5 L0080, BRISL WP e e i
menjure esitg INWHMRIANB Hase theapatilityao répdace @@emhagld aliske ibcgmputers
[ rown in a single columar  strycture such

evice are ]
resugglgan ATBPIRS Merease of fomppiatiphsnectedh i CpEnranics or
magh@bBIBARhis RO WALP ukdAENVAREAR] ol RIRAS for
geonetri c shapes I nclu |hg W res or tubes and ot her
implehmeptatiomin spintocaic gavioes dmce s apurhsgrintranic devide, i.e., all

. ~density. Addition features include the follow ng: .

infoff i onaaseRTibh B BeE M LR P et dS ghitg is only

neede@fo §1€EMNE o008 fRW OIPdAIRuRS ifterbttal the@ppB&bility as non-volatile
transistor, bipolar transistor or other transistor,

and {ghw powérscogsumming imenwyy il inpbilg phone with@l highhmemory density. Other

.nano-structure. The part .of the swi.tch.conprisi.ng.a
var AR 3B i i AR ot e B 3t §Y 0S5 e p e o
the col ummar structure. The transistor can have a gate

di el ectric | ayer adjacent to or surrounding the

col umar structure. The transistor can have a gate

el ectrode adjacent to or around the channel and be
separated by the gate dielectric. One or nore of the
magneti c | ayers can conprise diluted nmagnetic

sem conductor material DMS. During this processing the
required inpurity atons can be introduced, e.g. an n-
or p- dopant for a selection device and nagnetic
impurities such as Wn, Co, Fe for the nmenory cell

wi t hout requiring heterostructures. The sem conduct or

o T o ~ A1 ~ N
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both DMS regions. In case of parallel alignment the
current is higher than for antiparallel alignnment
Whewandysed he el ectronic states are identical iPCDHUB206/053439
DM5 regions. In the antiparal{gl alignment an el ectron
with "spin up" detects the electronic states for "spin
CLAM®" electrons in the other DMS regi on and so the
current is reduced. Enbodi ments of the present
i nvention can have witing speeds in the region of
nore than one gi gahertz, are non-volatile nenories,
have | ow power consunption, and have hi gh nenory
densities. Conpared with the standard MRAM t hey can
show | ower power consunption, and/or reduced stray
fields, . hi cKi ' <1 .
L Lsed i nAdaneRfigdbAOFLonBRRES ARtk R (BTN fred
maghetvatisdiredftionhe fred graghdticdiyed 12@)i widci tlmgesblamhgsstizatidyy
. a.,spin-polarized current either framthe thick DVS )
direqtion; 8 spaser lyek’d @BWB%HWé{kam%%’ﬁU@ layex angife frep magnetic layer,
and § S@EctRldel e Q@(@fﬂf §E?é&ih¥ 1PRAHeRY divisdRhd 1 zﬁjs Eﬁ‘&ﬁt 184\ part of
neasuring the current. This current depeng on the
the setegtien devacd bangiformed aoa catbmnhesttuctune, BhdSselegion device being formed
.. relati to.the one of the thicker DVMS region. This
ntegra Wétﬁgh%%‘?lm?ﬁfnﬂﬁmée'spi n- dependent transmi ssion
probability through both DVMS regions due to different
electronic states in case of an antiparallel alignnment
2. of the Whegdedi¢cofralaiant wherein eneqymare of thetnagnetic layers comprise
diluf %’entﬁco%%{i OI\I/lgﬁl\{:Bf ia'neri\é\f]i ch the reversal of the
gr?gfl?zaﬁl ORGP RIS %of a thin ferromagnetic
pattern is performed by forcing a high current through
the bit- and the wordline and using the resulting .
3. magnet i &he deyiee efrlaimy ke thelephign %@wﬁ%\wr@msﬂm& 2EVitdh.
Due to the high current for witing of a MRAM cell the
power consunptions is high and due to the stray fields
4. around Thedewte efidlailn 31asherdie theeswitch isle pandigtor.s | i m t ed
or sophisticated shielding of the stray fields is
necessary. The NW MRAM can address these drawbacks.
The Wi rhOgeREQGEIAOS, 2l dftfOdBYibR Bevice SthRiseed chihnel (50)
a spin-polarized current through the rel evant
of atrensistomgneti c | ayer. The spin of the electrons formng
this current acts as a torque on the nagnetizati on and
if a certain current density is reached, the
6. magnet i TRS HAACEHI BGIPrQ&RAMB 1A, thePaARGT e sbRRtisE 8EBESbeing
Al t hough the current density nust be high to obtain
located ghend ensk ofdhe edympargtructus® overal | current is small
due to the small dianeter of the nanowires. In current
thin filmprocesses such small areas in the
7. sub- m cThégéwée 6mﬁ®rafeﬂin§iciafllin9hki\lin%@ g@widiléttrid ayer (60)
contrast to this the nanowires exhibit diameters in
surruding the colypngr $IRIGAISDs of nanonmeter. Furthernore, the
current induced magnetization process produces only
tiny stray fields resulting in a very good scalability
8. with | aThedemcnofiang@ishd ¢laimsd torf) havihg agaeretecgbda () around the

er square inch. The ne i s not.aple for being
chmﬁswgaeaﬁﬁteéwfhmﬁ%% ﬂaFFeélF f%€mation i s stored
in the magneti zation direction of a ferromagnetic
| ayer, it is kept also when the power is switched off.
9. Thi s i sThedéwute ¢fomymuidelmghamethe ffeermaametolayer (20) being thinner
C uters for. s ing up the start of the conputer
thanéﬁ%%s%paggeﬁc&ay%é?@ard di sks. It has been shown that
small single ferromagnetic domain pattern can be
switched with a speed of nore than one gigahertz. This
results in very high witing speeds of the NWMRAM
Al so the proposed access field-effect-transistor can
work at simlar high frequencies. Notably NMRAMs
consune relatively little power since no refresh
cycles are needed to keep the information. The NW MRAM
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magneti zati on direction should be thick enough to

ensure that it keeps the nagnetization direction |ong
we@pwagksset t he operation tenperature, e.g., 10PYEEB280GHI53439

roomtenperature. This effecti¢s called

super - paranegneti sm A sel ection device for the

10. magnet i Thél@iceofamy precedingwildithe@higkndsoof the lspaiet Iiger being
t he columar structure. The selection_ device is

analpﬂeéfseela@aythﬁé’@é magpetiglaxeniy wighina sie flilepgth 4f majority carriers of

¢ydf €. The switch is provided in this
aékﬁﬁt%%& a transistor, e.g. a field effect

tranS|stor 150, though in principle ot her types could

be used,.  A.chann 50 or, of the transistor
1L i's for mihe BgViesh @@mre&ﬂe%eﬁ T SERRIre CRRIPFISIBg n-type
(kmaﬁgﬁ@klc | ayer, and bel ow the top electrode The

columar structure is surrounded by a gate dielectric

60, of an |nsulat|ng material. The gate el ectrode 70

surroun the ¢ cunfer he channel

2. col umn a?ﬁ% F?Vd%et r &y P§%°S§P§t°éadmb§? agerpad HfagPeéb“te‘?YeE (100) with

a ﬁxw Snagnétezafbe airé A il @ diferéMiQlire iR ohRGf ARCMSSmagnetic layer.

transi stor can be fabricated as a wap-around gate to

i ncrease the coupling to the regi on 50. The gat e

13. 5o can bue ARk Rorclhe R phinebd s FHlehy S5 hihg cirouiey

(80)mBdargddatb .colple aRuAtmClonthe ualm%smmawlmeuﬂicﬁe‘m §iftpolarized
at the gate electrode and the active device. At_the

curren desityda glterahe direction sl s gpe vatien phUS Heoeimaghe ic leyle
with a wi der band-gap. The columar structure has
dianmeters in the range 40-50 nmand a length of a few

14. hundr edThadevied eff sy p‘fénedmgwﬁimgammgedm b irmaglqmy endbavingcircuitry

shown ,schemati cal | [ s, 2 to, 5.
BO)FAHIEE PO aline e sl et AT feverse diregion for
wrltfng%é Hlbﬂlo%tﬁ ﬁgl'aﬁﬁ abordBk 16 %Qﬁfébﬁ&h bPtha cir&ary | ogic
value, e.d. logic high or alogic low Figs. 2 and 3
ShOM/Mﬁltlng a"1" and a "0" respectlvely accordlng

15 L0 bve o Thé it ‘?fra%fy ptf%%dwgg%é Y IEREharkioPRE chlimen siryggure

bmnEQMﬁﬂﬁed by a spln pol ari zed current_mnth a speC|f!c
igh current density . If the magnetization directions
of both regions 20 and 10 are parallel (see Fig. 2)
t he curr, ' i tip I
16. depi ct eéﬁ%teé‘lEél E}éa é}ﬁérﬁ 2‘3}11%{313& es}g?%‘lra 4” agf g f%e &ices of
any preeeding clainh,sthé beluspanstahe fueescheig mgéceperpgldwulmg itigensubstrate.
20. A power source 80 is provided to supply the
witing current. This high current density is
difficu :
17. t echnol Iggilglgu); SP&QI S étli“rgggg thr%%gire g{]lth‘ﬁ elrbr?fug ‘ﬁ%\‘?é&v‘et c}tleg of the
devitésan smawl of dheaaretye and msdchad snflem line{109) fawotiflsngrd top or bottom of
nanonet ers of the coluppar structure. Thin round
the @Z‘}W’ﬂﬂ%ﬁ%@}lﬁe&fdﬂeglﬁgs PSHFETONS1 e ferromagneti c domai n
that can be switched within |l ess than 200 pi cosecond
resulting in a witing speed of nore than one
18. gi gaher Azmethod phwenufeeuringthy avay of olainy 14 wamprising agpitaxial growth

fields.due to the, vort e qf the netization
of the R8¢ M ssong’ s fie B Pt elimhat o BPRRG: vravs

The read-out of the stored information shown in Figs.

4 and 5 respectively, and is achieved by app

19. sl | vébe agthodbglame ! Stfheherinmpriging domaipg éd\%ectnc around

t nmvs) in the direction used for witing a
%wh@ﬁﬂﬁﬁgng négé%rlng the flowing current. In Fig. 4,
thecurrent detected by current detector 180 coupl ed
across the top and bottom el ectrodes, is above a first
threshol d, (shown by a dotted line) indicating a "1"
has been read. In Fig. 5, the current is below a
second threshold, indicating a "0" has been read. The
flrst and second thresholds can have the sanme or

Y T ' ~R A~ I A 1




flexibility in designing the magnetic device. Figs. 10
to 15 show in cross sectional views, sone of the
w@erionoseel steps in a nmethod of manufacturi ng BCHEB20@#053439
according to an enbodinment. IyyFig. 10, the bottom
el ectrode 170 is forned on a substrate 220. In Fig.
20. 11, a nThéaetheld dfieRiddouinkdr coinprising féxdnihg a tfiller {1a0ar0tind each
nanow res descri bed above are grown epitaxially and

: p
colupwanErefuEe MR heshannch and foraHnda ris rleciads f%a@% qojumnar
strufthlg'on]tﬁe gh&ﬂaréﬁlgﬁ‘ﬁe ggﬁetd@e&l‘?é.umar structures are
covere y a gate dfelectric material 60, and a filler
230 is fornmed in between the columar structures.In

Fig. 13, the _gat Legtrodes 70 are forned around each
2L ¢ o? umman 1§ meﬁ%?@? gﬁlﬂp %E)F ?‘e&‘iﬂmpoﬂ?“} TPiRgiaigeend mpgnetic layer
(100) 95 il B tdPEF Lhunitt? 08 HeR oRInGifak sREGSres AonRRAREMISsekePline.

are formed’in the insulation [ayer to enabl e contact

with the gate el ectrodes. The tops of the col umar
structures are |eft exposed. In Fig. 15, the first

select lines in the formof word lines are forned of a

conductor, so as to fill the openings 250 and coupl e

the gate el ectrodes. The top el ectrodes 100 of a

ferromagnetic material are made on top of the col umar

structures so as to formbit lines. Al so, the ground
connection to the bottomelectrode is conpleted. The
present invention includes within its scope various
nodi fications and alternatives. An antiferromagnetic
stabilized nmagnetic area can be introduced in the
nanow re, follow ng known principles. This could be
anot her layer using a different material if no
antiferromagnetic DMS can be found. The bottom

el ectrode could be the ferronmagnetic el ectrode,

i nstead of the top electrode. The two DMS | ayers woul d

need to be swapped in this case. The transistor can be

| ocated at the bottom of the columar structure rather
than the top, regardl ess of other |layers. The nanow re
can be hollowin sone or all parts to form a nanot ube,
whi ch coul d be useful to reduce stray fields fromthe
currents, particularly fromthe nmagnetic regions. One

DVS region could be used rather than the two shown. In

this case, the bottom el ectrode should al so be

ferromagnetic with an antiparallel aligned nagnetic
nonment, conpared to that of the top el ectrode. One of
the two contacts with el ectrodes shoul d be ohm c and
the other be a Schottky barrier to create an asynmetry
for the reading process. O her growth nethods than VLS
can be used. Applications for enbodi nents of this

NW MRAM can i nclude the | arge market of conputer base

menory, menories for nobile phones, and PDAs. Due to

the high nmenory density, NWNMRAMs have the capability

to replace even hard disks in conmputers resulting in a

trenmendous increase of conputation speed. If in the

future spintronics or magnetoel ectronics becone w dely
used, this NWNMRAM can be suitable for inplenentation
in spintronic devices since it is a purely spintronic
device, i.e., all information processing is based
nerely on the spin of the electron and its charge is

only needed to steer the information flow O

particular interest is the applicability as

non-vol atile and | ow power consum ng nenory in nobile

phones with a high nmenory density. Qther variations

and applications within the clains can be envi saged by
those skilled in the art.CLAIMS: 1. A magnetic device
conprising: a first magnetic layer (10) with a fixed

magneti zation direction; a free magnetic |ayer (20)

wi th a changeabl e magneti zation direction; a spacer

| ayer (30) separating the first magnetic |ayer and the
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