v e3egd| ( b6T_e28 Septenber 2004 1 MRAM W TH AN EFFECTI VE NO SE
COUNTERMEASURE Background of the Invention' This invention relates to a
menory device and, in particular, to a nmagnetic random access nenory
(hereinafter abbreviated to MRAM using a nonvol atile @%ﬁi&nﬂ@ﬁﬁdﬁ cell.
At present, devel opnent of an MRAMis neking rapid progress as a

| ar ge- capacity nenory devi ce capable of carrying out high-speed readi ng and
writing operations. As the MRAM use is bredoninantly nade of a structure
conprising a nunber of nenory cells and utilizing so-called tunnel

junction. The tunnel junction makes use of the fact that an electric

resi stance between two magnetic |layers with a nonmagnetic filminterposed

t her ebetween is different dependi ng upon whether spins known in the art are
paral l el or anti pafBAMNWG é&bEFE%IG.‘éIHVEeI‘N@daSE COUNTRMEASURer s. The
MRAM of the type includes a transistor for selecting a specific nenory cell
to be accessed. Referring to Fig. 1, description will be nmade of an
existing MRAM The MRAMillustrated in Fig. 1 conprises a substrate 1 and
an integrated device portion 2 nmounted on the substrate 1. The integrated
device portion 24 through |ead wires 3 to lead termnals 4. The
substrate 1, the - mtegrated et tion 2, the lead wires 3, and the

| ead term nal s 4-are; [ ; [ : ice
portion 2 incl udﬁ%lr{r\?éh éﬁ r%l%t?srgoﬁéi S rﬁ?hg%r Ilc%_%?daﬁéﬁ%lgéﬁg'etg%éf menory
devi ce por piaiteticHanBofd aéé&m@mofxqﬁaf%mréuwaﬁawmmﬁu%goa y

cell. Each of the transistor portiohs serves to select a particular nenory
cell.  28nSepbetittemadPfic 2ndlebey eéing to Fig. 2, description will be nmade
of the structure of the integrated device portion 2. The integrated device
portion 2 conpri #dPprasénty developtatt of ahIMBAM henreakirsd ragpic piograss iasst
insulator layer 12 on the first conductor 11, a first ferronmagnetic nenber
or |ayer 1lrgg-capacitymgemions dewicercapapla oficarndng ecbhigh-sResdtendingpsd 14
covering the first ferromagneti ¢ nmepper 13, a second ferronmagnetic nenber

15 on the ¥EEBRPREEHPREor ABNRMHAM, Misers predoranantly mads ef AsruchVer i ng
th d f ] ti 15 d a fourth i | a) .17 and
Second condBCIBAREATuITOD CURPEITACEN Bt GRS SECRIRG BrPRCHTEEF | ayer
16. A conbinat; ; £ f ' . ]

i nsul af gr Fg]%etly ﬂﬁﬁpjhghﬂg? ﬁ}éé]géesc%ﬁ%w{eﬁ%?%%{éﬁétgﬁga %étﬁégf?s'%%‘?}%re&nééwager@agneti C

t unnel fun%b@ﬁagﬁaﬁ&%ggﬁs RAA aoﬁom%ﬁgsmwn%éh%ee hblebttweBAGH Of the

first and the second conductors 11 afid 18 is arranged so that the second

f er r omagnetdifferentigpeddinguprppivhethenishihskithan it ihe 4t aldl paharl apaatiectric
current is supplied thereto. In case where both of the first and the second
conduct or s pataiteido Eachrathsupptvwesh thietrhaghetid layers urTlee MRAMeofitbeitgpé i el ds
are produced by the electric currents and conbined into a conposite

magneti c fiRtlddesaderngisior furAstetting aagaeific enemendcelhisgheeceassash of the
second ferromagnetic nmenber 15 is rotated_and reversed. On the other_hand,
the first ferrondo#ering ehiger ggserptiqnowtl hemadenear gxisting MBAMexathe e,
by the use f.errno eticmaterial .having, high satyrat.ion ti.zation.
The 11 1ot ALRrOIGREANG Ferber CopRristnmadnrraschardan BFUATTRRHES second
f err omagnetj ¢, i I F i l.at or | ayer
14 1 o made PSP 2aTbutted & PR Sutdelf, T itdrakif oS RES MG SE LT

sen conduct@nneeid o adPwibs G0 ¥hA Setthaly 4h- R edboPgteat itRgs | ncl ude
not only the MRAM but also a dynami ¢ random access nenory (DRAM, a
read-only netgratedRENice porticer phedess wiress, tarldMiie) lcadnermainalsvages pr ocessor

arithnetic logic unit (IPALU), and so on. Recently, these devices are
r emar kabl y moidedased resin mold 5.

The integrated device portion 2 includes a number of transistor portions
and a number of memory device portions. Each of the memory device portions
serves as a memory cell. Each of the transistor portions serves to selecta

particular memory cell,



28 Septenber 2004 3 cal cul ati on speed and signal processing speed. Such
increase in calculation speed and signal processing speed results in
drastic or quick change in electric current flowing in these devices. The
qui ck change in electric current is a major factor caushg&eptétinér fsvacncy
i nductive noise. On the other hand, redugtion in weight, thickness, and
size of electronic conponents and el ectroni c apparatuses is making rapid
progress al so. Therefore, the degree of integration of the sem conductor
device as an el e®eforting LOAROREMEs@ipioh Il densiatiy oPtheBrOtiuRg of i Sane on a
printed wring board are increased. As a consequence, if the electronic
conponent irdebiaggbd yeviteggurite @. orTHehiatedratdd device porjuong mosmisesrfinst ed at
a high density, signal lines are very close to each other. In conbination
with the abonduetontlil @metdhe substrate 1 a fisstgnallaordaysrsign dipe&idst conductor

hi gh-frequency radi ation noise is readily induced. In the above-nentioned
el ect r oni ¢ 1¢i 2 distierramagnedipgnembes op ves d Starethaoiirskinsaiateciayerddeaby

882%]&“' éhﬁga}aﬁ‘&ﬁ%lﬁ%«%‘@k&%ﬁn _evréﬁgr}tgitﬁééi?%ﬁ%&gﬁ%ﬁ:éga%%%ggéhﬁf%%ﬁé“éhigﬁ?
Sem conductaroHRongl GRARRG' B ohithd BeBria s PR e S MRStk on-

T oy VR ® SERSIAL IS SRBRBTE OGN EANEAL MoRBErTS, S 0GRARGK AR | ho!

t he behavi or of ‘a sign IS Sim I Stributed-constant

circuit. | myehity ¥&Blsedoht HABEIDIA SYMRGIGAER BFEPIREEATS RIRD & _
| unped-constant circuit is no longer effective. In addition, limtation is

i nposed upamsuladutdyernt 60 A bembiriationtf tae tirst fefroenddretiehemaene st tref t he

el ectronic parts and the wiring. In the operation of the above-nentioned
MRAM har meecendirstubator taygoriddacd dhegeochd (rrempagdetih mmegebem! 2faaig ac
current is a major factor causing the high-frequency radiation noise, |ike
ot her typefnagnalisiuepabivcien danigens ona obtn meveery ZFyiceMpertionss menori es

(RAM. On the other hand, .the noise superposed on a witing current or a
manet i o | ayer cRASEOHE NPLATG SR SSHATad I B O BagRsC0r ¢ he

ronet ¢ | N o ool bR S bR 1S BSHAL B achest SR e "
process sugh élécfrﬁ%férlt?é‘sﬁ%@?ec{ fFRfLBY ?rﬁ’%%% gﬁé&% %ogiﬁgl“we%t %Hcviﬁliﬁ\?ie;]g

words, if the noise counter sure 1S nhot e stanti a

?Rdt L:ag | N@cEHREEBNALEIOPS T T SRYCEE HROSU I Wih %%tﬁ@é@r@ﬁts‘?%ébnéﬁ'&%a‘?@é” €,
peration of the MRAM it Is Inportant not only to prevent the noise
from are produced by the electric currents and combined into a composite magnetic
field. Under the composite magnetic field, magnetization of the second
ferromagnetic member 15 is rotated and reversed. On the other hand, the first
ferromagnetic member 13 is fixed in magnetization, for example, by the use a
ferromagnetic material having high saturation magnetization.
The first ferromagnetic member 13 is made of a CoPt alloy while the
second ferromagnetic member 15 is made of a NiFe alloy. The second
insulator layer 14 is made of Al,O4 or the like.
In the meanwhile, highly-integrated semiconductor devices capable of
carrying out high-speed operations include not only the MRAM but also a
dynamic random access memory (DRAM), a read-only memory (ROM), a

microprocessor unit (MPU), and an image processor arithmetic logic unit

(IPALU), and so on. Recently, these devices are remarkably increased in




bei ng propagated to other conponents or portions but also to prevent
reduction in substantial witing and readi ng speeds due to the noise.
Summary of the Invention' It is therefore an object of this invention to
provide a | arge-capacity non volatile menory which is sgopRfpiser 3004
generation of noise and is excellent in goise resistance so as to carry out
writing and readi ng operations at a substantially high speed. O her objects
of the present invention will becone clear as the description proceeds. The

present i nvamulstsoram @e@bh@aqt(naa RYSEHRhPsFOTPOSSLch RESKIE t EBEEKLIBH
havi ng a hi gh nmagnetic | oss a high frequency and found out a nethod of

ef fecti vel speedrressigng! processiagspeed resu e irddrastio oF i sharyd iatelottric
produced from a sem conductor device or an electronic circuit by arranging
t he conposicugemafineingimiiieseidavidas. t Adeviuickichanoé iraaleektia cureentsisen ssi on
source. Fromthe recent research, it has been found out that the effect of
at t enuat i ngniRefaster eaesing high-fenpenc indugtivg npise. magnetic | oss is based on
a mechanismin ich an equival e resi stance conponent i s _added to the

el ectronic ci rc% Qgep %@ar}daﬁ iogrin ¥egight, y@}gﬁ&%ss BEASIER Of RIECHRGI t ude
of the equival ent resi steg ce conpone ept enber 2004

5 mmgni £ LSBT SRIG AR GoF BRACABPA A UsSo b B abHaI L PRaress e
Speci'fi cal b bage MRANIAAIE G nibhfarld %Séﬁhé%%%iﬁé?ﬁ’&]?ﬁSPéeﬁﬁH' walent !y

nrc cir I'S substan ropor ional to !c"

and the th'%ﬁﬁﬁc%n{dﬁne’m%%hé dERSRY bﬁhcﬁﬁ]tlhgrthé%aH@oﬁr £5ritbdifing

rragnetlc material is fixed. It 1s noted here that the nagnetic loss term
~C" s an ivmeed e Indabted®f Abe daisigLepcesk Rabiekirbiicidorhpenemas eidty
material. Therefore, in order to achieve a desired | evel of attenuation of
t he extranéutlegratedssithe digcttdric compoheatsand ineunted at & higméensibyg signiat
material, the value of a " nust be greater. For exanple, in order to
prevent t hdinggtaranaoy slosei tosianh athet.i Zhmyprabinatiorewith the sbovetmeentibngégd a
very small region such as an interior of a nold of the sem conductor

devi ce, thé“%@ﬁ@t'“é'gf@@@%&ﬁﬁ@ spertsthighnieagepey jadigtion npiges regdiy ng t he
resear ch of, t magnetic nmaterial produced by sputtering or vapor

deposi tion,'" lr‘. ‘{Jresent i nventors have focused upon excellent perneability

Fime: magnet i o met R b BV BenRGF ke BBt BR Asbilodte Sibo i Sul“ht as

ceram cs.

ot el part ) o B e IR AR o PG fER! of GmEBaRRts i or
have found giihe badted wirigToam e w;hﬂgrtﬁétebe@iveéﬁgr BRanetiAgElUhped-
particles in the granul ar nmagnetic materi al wi thin a specific range,

excel | ent nagstdntcdnassnent such as a decoupling capamtor into a power supply line.

end

However, in the semiconductor device or the printed wiring board
increased in operation speed, the noise generated therefrom contains
harmonics components so that the behavior of a signal path is similar to that of
a distributed-constant circuit. In this event, the existing noise countermeasure
assuming a lumped-constant circuit is no longer effective.  In addition,
limitation is imposed upon reduction of the noise by optimizing the arrangement
of the electronic parts and the wiring.

In the operation of the above-mentioned MRAM, harmonic distortion
produced upon high-speed change in electric current is a major factor causing

the high-frequency radiation noise, like other types of semiconductor random



characteristics are achieved in a high-frequency band. It is noted here
that a granular magnetic thin filmis a magnetic thin filmin which
magnetic particles have a size as snall as several nanoneters to several
tens nanoneters and each particle has a fine structure Eglggg@gnggr g4rain
boundary conprising a ceram cs conponent and which exhibrts a very |large
magnetic | oss in a high-frequency band b&t ween several tens MHz to several
GHz. The granul ar nagnetic thin filmmy be called a fine crystal thin
film 28 sh | .al; ' i al

havi ng a cgﬁggésﬁi onoﬁgﬁﬁée tegﬁﬁg{eﬁf‘@eﬁ?ﬁ??@#n’?‘%%nggﬁﬁoﬁgﬁﬁ‘%f%

el ement, YwWiRingGcl@PshtedreBizigne Bt 60)e? Calises 9 Y 06MiatiBh i Asihitudiedff | uor i ne,
X being an el enent other than Mand Y), a nunber of researtches have been

made so famagdnetization\of sheehddrattictigergr Aud pesuRaneddditiomdlepeabtidragilp | ow
magnetic | oss and a great saturation magnetization. In order to achieve a
great er saterreguvedpgnewiitizg.i of thenodise iMixyd gn arsidreal uppyeEdngrEreri al |,

it is necessary to increase the ratio of the conmponent M Therefore, in
gener al appdidéinned procasstsund as rHpghition of eowagdinignoperationdevequirast. dnmagneti ¢
core of a transforper, the ratio of the conmponent Min the M X-Y granular
magnet i ¢ mRtRETWPrdss ifithginoise eeuniermaagure s ot gfeciive sybstanital yiiting and

of " bul kKRS kR A8 el ast Vot 'ﬁﬁga‘)r{dnrt@%?g?é;‘%%éﬁi TRAPRRE, e
Companent 1t Ropia SRR B inhattF P O BrprlEnt A uthigt e

repr esent egein Mofatiatdd RbiMbr@ofSHRIrhS of BbAlorRl BTG 1o pRAJEAT ralgRle et

sel ected from™oxygen, nitrogen, e, X being an enment ot her than
Mand Y). %s@bslﬁﬁuhlwritirﬁ? had rbagihg sHerdisilie foe ndiseany conposition
system a large magnetic Toss is exhibited in a high-frequency band if the
concentration of Sumermargoéthie!nventibnM falls within a specific range. A

hi ghest region of the ratio of the conponent Mis such that the saturation
magnet i zati on i s |Bshercios an objadtef $s invention towyavitezatarger-capaaitphobr-
nmetal nmagnetjc nmaterial conprising the conponent M alone. This region

cor r espond¥Otalilg MEMPRY. WHighdh SURPTeRS§AdD ICENeRLGN al Neie @ndigLxeedent in
saturation magnetization and | ow | oss and whi,ch gas been, actively

resear ched "&® EF@'/%?BB%&O PSE P VEIRG GNEREACTELRESBURIHBh i oned regi on
are large i : 1 t perneability u' and saturation magnetization
and are thgpgpgﬁlaﬁ‘fégﬁﬁﬁpﬁ%h-f requency m cromagneti c devi ces such as the
above 28 Septe i b BR=hE } wever, the
rati o of each of %&rég%gﬁgmi@@(@%ﬁﬁt @@SL‘E@%@Q%E@%@%? r?heés_iiost ance is
smal | so t kidsctipfor®besdddds. resi stance is small. Therefore, if the thickness
of the filmis increased, the perneability at the high-frequency is

degr aded fol | ow Mtheopmsentimentdrsaady dtgadyrihvénies atotpeshe ghadnetiguency
band. Thus, these materials are inappropriate as a magnetic filmfor a

noi se countrealesiasbadngm hightmagpeinloss atiaehightfregusincyandciowpdmenita M i s such
that the saturation magnetization is not greater than 80% and not snaller

t han 60% ofMetRedt Vel SHRPRESIRAEXBANBPUS BENISRIPR ORBANAECABSRIYL i C

Tasi st ance TRAAAAoRHEaf AT de6misoRaialEt dprien o e SPaeROEI oo, |

Ther ef , o ' . & j LS I
a'm the edn e i €S i TRL Y UF vkDRn e AR S0 T
from nat ur @mi8iRPnaifiee. AFro"lrnQHé‘$€9é+ﬁ%§e%ﬁcﬁ?it%r@éér?fdm_so&ﬁhﬁi fhe has a

narrow wi dth of frequency distribution. Thus, this region is appropriate
for the noigfectotiattern@asyieRe &itdiedusesiipamnh GlilldimnthsSrRighessiles isi n a
narrow frequency band.

based on a mechanism in which an equivalent resistance component is added

to the electronic circuit as the extraneous emission source. Herein, the

magnitude of the equivalent resistance component depends upon the



A third region of the ratio of the conponent Mis such that the saturation
magneti zation is not greater than 60% and not smaller than 35% of the
saturation magnetization of the bulk nmetal nagnetic material conprising the
conponent Malone. In this region, the electric resista j

about 500 a S2 ~ cmwhich is greater thag t hat nentionezggﬁgegﬁﬂgﬁgrg?ore,
the eddy current loss is extrenely small“and magnetic interaction between
particles of the conponent Mis small. Therefore, thermal disturbance of

the spin i mag%a@%ﬁ% BAANENE Id4CRIMPN Y 6P PldthdtiBenaridl al SpesAcERCthd S
fl uctuated. a result, "the magnetic loss terma " exhibits a | arge val ue

over a w demdgre@densithdaasistabtescorhposertedjupmlonty hteratiiivtol thea@dtapiic at e
for suppression of the highfrequency current over a w de band. 28

Sept enber 2064it B Sdbdtaetialyhmopbetivhal o redand thé thickmedd ef theahagnetic t he
conponent M provides ultramagnetic characteristic because no substanti al
magnet i ¢ i Mmadedaltaofariast veareald thamagnalic roatarisd isciorgsondhis meted hesigsed to
occur. In case where the magnetic |loss material is arranged in the vicinity
of a noi sethaldhamagneltsyloperetd 4 ppradDagmnary pgr-afthe dekbiye Permeability he

standard of {Hat erial .design |s given by a rochJCt a " (g%of he netic

| 0SS L_er m 87 %WQPEQCW%EHLss r@?‘”?h@ PhEGh AEhiye 2 ?'%ﬁ’qt igvel ot ordelr
hundr eds. NS N ERLLT B HRERRER TR Plnitsi Bt L8 U B te Rt A fhers L0
1000 ( - s . e . .

0ss { e m a0 haRla e algc 6 FRERTsthe GRAICT, Fbf Braltle n TR ose

material hayanghtahé @wmrahests ie%ié@iéhﬂtiﬁﬂiﬁ? RRthgPREY I6ss FRteRaleddweryrrent is
not preferable. The composition such that the electric resistance is 100 a

~ cm or nmereali iegoresectalt en ihteridtef compisot thernsesyisbrducisedevice! thies
invention, it is preferable that the ratio of the conponent Mfalls within
t he regi onmagreticlass téren sat unustirmvermyent large valbei s not greater than 80%
and not smaller than 35% of the saturation magnetization of the bul k netal
magneti c mat eri alPWiigpthesiesgataieota spBrsagnalicanatarial predycas by SBUS iR at
the saturation magneti_zati nis eﬁu_al to 3g%or nor e, of the@%trgration is a
regi on wheP& VARO[ PEPAFEGATERRESENEkNERIGre Havedacunackubrn £3 rs has nmade

L g
oo e, B e R o RS B KRR cORalFn G RNt

of the magngldGafiesr | &b afr%rsuﬁleb?m\%ﬁbaﬂn@ammtmagraee@pmewagﬁ@ﬁc e
flows in the nmenory device portion. 28 Septenber 2004 9 Brief Description

of the I nveriri®es sbrr@undet Hyea Bepiiagmatic\rhateriaf, the phdvitimventosl dved
technique; Fig. 2 is an enlarged sectional view of a characteristic part of
t he MRAM i Ifbusd oat gehatj im deisp whereHheg radioi of the seagriaicahetal partifleain WRAM
according to a first enbodi nent of this invention, _
granular magnetic material fall within a specific range, excellent magnetic loss
characteristics are achieved in a high-frequency band.
It is noted here that a granular magnetic thin film is a magnetic thin film
in which magnetic particles have a size as small as several nanometers to
several tens nanometers and each particle has a fine structure bounded by a
grain boundary comprising a ceramics component and which exhibits a very
large magnetic loss in a high-frequency band between several tens MHz to

several GHz. The granular magnetic thin film may be called a fine crystal thin

fitm.



Fig. 4 is an enlarged sectional view of a characteristic part of the MRAM
illustrated in Fig. 3; Fig. 5is a graph showi ng a frequency characteristic
of a magnetic loss terma " of a granular magnetic naterial; Fig. 6 is a

graph showi ng a frequency characteristic of a transm SS?QPﬁF{@ﬁ@&tﬁghsti o
Sz~ in a mcrostrip line with a granul ar_magnetic thin 11 arranged i

in the
vicinity; Fig. 7 is a sectional view of An MRAM according to a second
enbodi ment of this invention; and Fig. 8 is a sectional view of an MRAM

according to a tmsrr‘ég:ﬁmoﬁié@%hufgr rﬁgéﬁetid%%ﬂ%{?agBag%sd%Ebﬁfdogﬁioﬂf the

Preferred Enbodi nent At TiITst referfing to scription wll be

nmade as regsirdsearedMRAM-ROE Vb &g tomaghkfie i APOEERRL Y BeiridbSe ieltABA{ ON.
The MRAM il lustrated in Fig. 3 conprisés a substrate 21 and an integrated

devi ce por teleeteironuotyerkm mittdgers Wt fiudrime? X bdihg dmélepranit ethelehand
portion 22 is connected through lead wires 23 to lead termnals 24. The
substrat e 2nd Yha numker oft rededwhesehguer heemmzele satarl elids wvesde@ hatahd t he

| ead termnals 24 are collectively nolded in nold body 25 nmade of a plastic
resi n. UpoBramilal mggngtiningiefinbli@e adgwdnparstic logpgness ereatgatwatipPanged on

GRS MR o TR L T
Kk 2004 10 Th igh-f

e et YA AR SR E 8T S U 4T

Govtce DoLEHRREERIR SRR, O LA GRSt S gty L

The i nt egr e di&teddice BPAlIMEANEH: B&% & 4 fraRSioPher, tRETAHIG B {HEDEorhPENENt
arranged between each nenory~device portion and the substrate 21 to sel ect

a particul a imgekyXcegranuRef magnedc heatrigl is imitduetode sridep$ iichnthiait ke be nade
as regards the structure of the integrated device portion 22. The

i nt egr at ed sdavaten pradnaizafén éivenualtesataut 8Ost oc omudacf dne 3aturatidrne
substrate 21, a first insulator |layer 32 on the first conductor 31, a first
f er r omagnetMagnaiizedeon 38 adpulk meetsl magnietie onatesa! ¢eryprisisg tha cospmment Mul at or
| ayer 34 covering the first ferronmagnetic nenber 33, a second ferronmagnetic
menber 35 &PM%he second insulator layer 34, a third insulator |ayer 36

Covering Lhe secail bLEARIREIS RS0y Rl B ot BRURR B e
e oSBT RO AR ol ST TS 22, e
gggtnie; ing_ t yapRischtBr by LAV Seitt) LRfaghktit REetBPBIA1dRNY YIRS oRBEIEMeHEVI Ce

selected from oxygen, nitrogen, and fluorine, X being an element other than M

and Y). As aresult, it has been found out that, in any composition system, a

large magnetic loss is exhibited in a high-frequency band if the concentration of

the magnetic metal M falls within a specific range.

A highest region of the ratio of the component M is such that the

saturation magnetization is 80% or more of the saturation magnetization of a

bulk metal magnetic material comprising the component M alone. This region

corresponds to the M-X-Y granular magnetic material which has high saturation

magnetization and low loss and which has been actively researched and

developed. Those materials within the above-mentioned region are large in

both of real part permeability #'and saturation magnetization and are

therefore used in high-frequency micromagnetic devices such as the above-



Each of the first and the second conductors 31 and 37 is arranged so that
the second ferromagnetic nenber 35 is applied wwth a nagnetic field when an
el ectric current is supplied thereto. In case where both of the first and

t he second conductors 31 and 37 are supplied with el ect t

magnetic fields are produced by the electric currents a%%gggﬁ%?ﬁggﬁPﬁto a
conposite magnetic field. Under the conﬁh5|te magnetic field, magnetization
of the second ferromagnetic nmenber 35 is rotated and reversed. On the ot her

hand, the rﬁw‘eﬁﬁ&né&ﬁ@ﬂﬁgaﬁé RTReS, f-lo\e\%\fe'rﬁﬁg rbﬁog%%@ﬁ lbf@id on, for

exarrple by the use erro gneti c materi al 'havi saturation

nmagnet i zat d:d?ﬂf)oneﬁl% ﬁ%ﬁﬁ%@fer%@ﬁﬂg%ée&ﬂ@ réét&%tncﬁ% %ﬁ%%@iﬁa@tﬁ@@%‘in@?’ i's

made of a Cop | oy while the sec ferromagnetic nmenber 35 is nmade of a

Ni Fe al | oyresihanse RofitallnsThaiciord, #tBe tRidkhosdebdedimAbIRceatet el i ke.
Each of the first and the second hi gh-frequency current suppressors 26 and

27 serves pernseqliifityss thahiginfreqdestistdegradéd doljpwing ocaurrente fof edting
through the first or the second conductor 31 or 37, to suppress

hi gh- f r equeuregntrlags at thenhigbifsequenty bandor eblars, thése meaitaeréals aoen bei ng

super posed upon a reading current flow ng between the first and the second
f er r omagnelPEPHRTIRIE @SFBMAgneys filmdet 2 nofe eRWHLITPERABHEW | | be directed to

St :ézuzfnctyhﬁai‘r'; HeegBRTlee il obhs hRRRRNITs SR dfe et ¢
oxygen gastSupplrafeh Ehetreatd uch s Bt ARV ARRTRO MRFLR SR 4B, "\ apor
deposi ti ong m%tepw Aottt §% Gy IABPRRIGhERE rERERA Aimpdafig e 1

degree before 1 on~Was ess e oxy as fl ow

rate duri naor%?eﬁémt eRonas Bt ¥ediOn Stﬂb'é!ectﬁﬁtréélsid?ﬁew§@é}ha¢&pﬁ§bl§ﬂ on,

heat treatnment was carried out ina vacuum magnetic field for two hours at

300C. Thus100 heQgr emulBichmagaatively tdvige. f Mharafase, chited ingtk thidimedssidf thel m had
a thickness of 2.0 ,um a d.c. resistance of 530 ~c S2 cm anisotropic

magnet i c f imateriaiks oh the abgex anverah)y ms theieddy carreatloesiis amalmm mefst 16800
Gauss (1.68 T), and a relative bandwi dth bw of 148% The relative
bandwi dt h e wagpeks lnss r@ﬁu%s(frpawah@alaresa@qmcyA%arﬁmseﬂHeB@ew@@n t wo
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Sept enber  ¢004ression) in a narrow frequency band.

A third region of the ratio of the component M is such that the saturation
magnetization is not greater than 60% and not smaller than 35% of the
saturation magnetization of the bulk metal magnetic material comprising the
component M alone. In this region, the electric resistance is equal to about
5001 € - cm which is greater than that mentioned above, Therefore, the eddy
current loss is extremely small and magnetic interaction between particles of the
component M is small. Therefore, thermal disturbance of the spin is increased
and the frequency causing the natural resonance is fluctuated. As a result, the
magnetic loss term 12" exhibits a large value over a wide frequency band.
Thus, this region of the ratio is appropriate for suppression of the high-

frequency current over a wide band.



12 Referring to Fig. 5, the magnetic loss term~.c " has a frequency
characteristic illustrated in the figure. The abscissa and the ordinate
represent the frequency and the magnetic | oss termwhich is the inmaginary

part ~ " of the conplex perneability. Investigation wasg&Rdember 3004
hi gh-frequency current suppressing effect of the thin f??mpﬁeus Eé)bt ai ned.

Specifically, the thin filmwas placed cﬁrectly on a mcrostrip line having
a length of 75nm and a characteristic inpedance of 50 S2. By the use of a

netvork anal yzer onlingRSbARAN] SHAGFLPAISTHAIBr 18 BPRRESpolb eS| of

measurenent is shown in Fig. 6. the use o magnetic thin

film the §gviddsangahisjreficraragkbesichbesa@sSndBnosangashighedsced fromthe
frequency around 100 and exhibited | GdB at about 3 GHz. The result

shows t hatintdrac@m betvaaemttss panicidzagiahe eonsiorerd &b encksusenbio ddwir.
distribution of ,u " and that the |level of the suppression effect depends
upon the productimdase wharalthehmaghetik lesssméteriall is amenged aythiengcinithef a
formation of the filmby the vacuum vapor deposition is described.
Al t er nat i vdige radi@tingypaskomtaisuppresp dine Bigmgequencibede e fsstiandard ahd gas
deposition. As far as the magnetic | oss .r,rat(?rial I S unito‘r?rHy deposi ted, no
li mi tati onMadeiatSesin S HVen RY & ROGHChHUe ' of 0 1 8 hedgagnetc 9SS teiM nit
Ref erri ng i 7. the de I ptlon . wl e e r !\/RAM
accordi ng %@d gh"g%%wsén@gﬁ%ﬁéﬁf"%gn?tﬁilgg? ﬁ?ﬁé%&m%?h@&mhﬁ Ustrated in
Fig. 7 co | ; 4 ] | ' | mount ed
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on the substra e |1 ntegr Vi I on I's connected through

| ead wi resﬂﬁo’il@w‘r@féléﬁﬁgmhﬁﬁget%@fiéﬁpst rate 41, the integrated device

portion 42, the lead wres 43, an ead termnals 44 are nolded by a

resin mold 45. Upon nol ding, ayhi-gh-&rmuenopoqusment suppressor 46 is
arranged on a | ower surface of the substrate 41. The integrated device

portion 42 is si Bpkaificaly,stthechageetioloshenatetriaghat adnagneéticeloss1@8rmorti on 22
illustrated in Fig. 4. 28 Septenber 2004
1" = 1000, the thickness must be equal to 1 .t m or more. Those material
having a low electric resistance and easy to cause eddy current is not
preferable. The composition such that the electric resistance is 100 £ * cm
or more is preferable. In the composition system used in this invention, it is
preferable that the ratio of the component M falls within the region such that the
saturation magnetization is not greater than 80% and not smaller than 35% of
the saturation magnetization of the butk metal magnetic material comprising the
component M alone. The region such that the saturation magnetization is
equal to 35% or more of the saturation is a region where no ultramagnetism is
exhibited.
The present inventors has made this invention by applying the above-
mentioned magnetic material to the MRAM,
According to the present invention, there is provided a magnetic
random access memory which comprises a memory device portion using
magnetic material and a high-frequency current suppressor arranged in the

vicinity of the magnetic material for suppressing a high-frequency current which

flows in the memory device portion.



The hi gh-frequency current suppressor 46 conprises a thin filmof a
granul ar magnetic material. The thin filmcan be formed in a manner
substantially simlar to that of the high-frequency current suppressor 26
in the MRAM described in conjunction with Figs. 3 and 4,4 ?&ﬁﬁ o4t he
thin filmis mde of a material and has a conposition such no eat
treatnent is required after deposition by vapor deposition or the |ike.
Referring to Fig. 8, the description will be nmade as regards an MRAM
according to a third enbodlnent of this invention. The MRAMillustrated in
Fig. 8 conpri sesbBaeslescratien slthenlnvs it egrated device portion 52 nounted
on the substrate 51 The |nte rated deV|ce6£€rt|on 52 is connected through

lead wires 53 to F%dd‘st%ﬁﬁ?tiﬂﬂ% view o MEAYM Ip@ gelgted {aebniGieegr at ed devi ce
t 52, th dth d |.s .54 d
o 2 e AR M AR o L e T AR

arranged a rated device portion 52 with a space kept
t herefrom H@ﬁﬁa%{e'@gﬁggd device portion 52 is simlar in structure to the

integrated devi C‘Fid’.? fs! @8eéiforld) Wik E?Eﬁ%hﬁl\f?gcoﬁim Hﬁa'@:‘r&*brﬁﬁ@&mf‘é?ﬁy
current suppressor 56 conprises a thin fil a gra ul ar magnetic
materi al . bpthiexamphien; the thin filmcan be fornmed on a polyimde plate in
a manner substantially sinmilar to that of the high-frequency current
suppressor 27 inFidet iRMMVedksged bedtidmal sty oh atdhanactetibtic-pgs.of3haddBAM The
hi gh-frequency current suppressor 56 thus obtained is arranged above the

i nt egr at ediildetriated wolrigi 8n 52 by nolding with the resin nold 55 such as
polyimde. In any one of the MRAMs described above, harmonic distortion of
a signal pulse c ge51t5 agr@mtsl@ewm affequAtey Fhamcen 96 o BIagNgHL @SN can
be reduced, Therefor it ossj bl e to avoid substantial decrease in data
writing spt&f afd S 3 dranylard Myicpelarial 28 septenber 2004 14 WHAT IS
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hi ghf r equency curren I'n sard nenor
portion; whemd ()‘Cﬁ-ﬁwg hi gh-frequency current suppressor conprises a thin
filmof a magnetic material having;

Fig. 7 is a sectional view of an MRAM according to a second

embodiment of this invention; and

Fig. 8 is a sectional view of an MRAM according to a third embodiment
of this invention.

D . f the Pref | E i _

At first referring to Fig. 3, description will be made as regards an MRAM
according to a first embodiment of this invention.

The MRAM illustrated in Fig. 3 comprises a substrate 21 and an
integrated device portion 22 mounted on the substrate 21. The integrated
device portion 22 is connected through lead wires 23 to lead terminals 24. The
substrate 21, the integrated device portion 22, the lead wires 23, and the lead
terminals 24 are collectively molded in mold body 25 made of a plastic resin.
Upon molding, a high-frequency current suppressor 26 is arranged on a lower
surface of the substrate 21. Another high-frequency current suppressor 27 is

arranged above the integrated device portion 22 with a space kept therefrom.



a conposition represented by MX-Y where Mis a magnetic netal elenment Y is
one el enent selected from oxygen. nitrogen and fluorine and X is an el enent
other than M and Y saturation magneti zation, corresponding to 35% or nore of

saturation magnetization of a bulk material conprising pfdfibir 3004
resi stance of about 100 a S2~ cmor nore. 2. The magnetlyg rg dﬁm access

menory according to claiml1, further conprising a nold body in which said
menory devi ce portion and said hi ghfreqldlency current suppressor are nol ded.
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cred o0 albeequl sebepleghap elenlsl R el ke g Lot
U cra third insulator layer 36. A combination of the first ferromagnetic member 33,
the second insulator layer 34, and the second ferramagnetic member 35 forms
a magnetic tunnei function device as one of the above-mentioned memory
device portions.
Each of the first and the second conductors 31 and 37 is arranged so
that the second ferromagnetic member 35 is applied with a magnetic field when

an electric current is supplied thereto. In case where both of the first and the
second conductors 31 and 37 are supplied with electric currents, magnetic
fields are produced by the electric currents and combined into a composite
magnetic field. Under the composite magnetic field, magnetization of the
second ferromagnetic member 35 is rotated and reversed. On the other hand,
the first ferromagnetic member 33 is fixed in magnetization, for example, by the

use a ferromagnetic material having high saturation magnetization.
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109&' ()-0! 109 ( Fachavhthe first and the second high-frequency current suppressors 26
and 27 serves to suppress harmonic distortion of a pulse current flowing
through the first ar the second conductor 31 or 37, to suppress high-frequency
radiation noise, and to prevent the noise from being superposed upon a reading
current flowing between the first and the second ferromagnetic members 33 and
35.

Next, the description will be directed to formation of the high-frequency
current suppressors 26 and 27. Each of the high-frequency current
suppressors 26 and 27 com priseé a granular magnetic thin film containing Fe,
Al, and Q.

In a vacuum chamber equipped with an oxygen gas suppiier, a film was
deposited on a polyimide plate by vapor deposition using a Fe;Al,, alloy as a
deposition material. The vacuum degree before deposition was 1.33 x 10 Pa
or less. The oxygen gas flow rate during deposition was 18.0 x 10°m’/h. After the
vapor deposition, heat treatment was carried out in a vacuum magnetic field for
two hours at 300°C. Thus, the granular magnetic thin film was obtained.

The thin film had a thickness of 2.0 wm, a d.c. resistance of 530 4 {2 *

cm, anisotropic magnetic field H, of 18 Ce (1422 A/m), saturation magnetization

Ms of 16800 Gauss (1.68 T), and a relative bandwidth bwr of 148%. The
relative bandwidth bwr is obtained by extracting a frequency bandwidth between
two frequencies at which the value of 1" is 50% of the maximum 2", and
normalizing the frequency bandwidth at the center frequency thereof, The
saturation magnetization of the thin film was 72.2% of the saturation

magnetization of a bulk material comprising a magnetic metal alone.
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characteristic illustrated in the figure. The abscissa and the ordinate represent
the frequency and the magnetic loss term which is the imaginary part 1" of the
complex permeability.

Investigation was made of the high-frequency current suppressing
effect of the thin film thus obtained. Specifically, the thin film was placed
directly on a microstrip line having a length of 75mm and a characteristic
impedance of 50£2. By the use of a network analyzer, transmission
characteristic was measured. The result of measurement is shown in Fig. 6.
By the use of the granular magnetic thin film, the S,, transmission characteristic
was monotonously reduced from the frequency around 100 MHz and exhibited -
10dB at about 3 GHz. The result shows that the S,, transmission
characteristic depends upon the distribution of " and that the level of the
suppression effect depends upon the product of « " and the thickness §.

In the foregoing, the formation of the film by the vacuum vapor
deposition is described. Alternatively, use may be made of sputtering, ion
beam deposition, and gas deposition. As far as the magnetic loss materiat is
uniformly deposited, no limitation is imposed upon the technique of forming the
thin film.

Referring to Fig. 7, the description will be made as regards an MRAM
according to a second embodiment of this invention.

The MRAM illustrated in Fig. 7 comprises a substrate 41 and an
Integrated device portion 42 mounted on the substrate 41. The integrated
device portion 42 is connected through lead wires 43 to lead terminals 44. The
substrate 41, the integrated device portion 42, the lead wires 43, and the lead
terminals 44 are molded by a resin mold 45. Upon molding, a high-frequency
current suppressor 46 is arranged on a lower surface of the substrate 41. The

integrated device portion 42 is similar in structure to the integrated device
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made of a material and has a composition such that no heat treatment is
required after deposition by vapor deposition or the like,

Referring to Fig. 8, the description will be made as regards an MRAM
according to a third embodiment of this invention.

The MRAM illustrated in Fig. 8 comprises a substrate 51 and an
integrated device portion 52 mounted on the substrate 51. The integrated
device portion 52 is connected through lead wires 53 to lead terminals 54. The
substrate 51, the integrated device portion 52, the lead wires 53, and the lead
terminals 54 are molded by a resin mold 55. Upon molding, a high-frequency
current suppressor 56 is arranged above the integrated device portion 52 with a
space kept therefrom, The integrated device portion 52 is similar in structure
to the integrated device portion 22 illustrated in Fig. 4. The high-frequency
current suppressor 56 comprises a thin film of a granular magnetic material.

For example, the thin film can be formed on a polyimide plate in a manner
substantially similar to that of the high-frequency current suppressor 27 in the
MRAM described in conjunction with Figs. 3 and 4. The high-frequency
current suppressor 56 thus obtained is arranged above the integrated device
portion 52 by molding with the resin mold 55 such as polyimide.

In any one of the MRAMs described above, harmonic distortion of a

| signal pulse current is decreased and undesired emission or radiation can be

reduced. Therefore, it is possible to avoid substantial decrease in data writing

speed and in data reading speed.
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4 memory device portion using magnetic material: angd
.. a high-frequency current suppressor arranged in the
vicinity of said magnetic material for suppressing a high-
frequency current which unfavorably flows in said memory
device portion;

an_electric resistance of about 1004 * cm or more.

2. The magnetic random access memory according ta claim 1, further
comprising a mold body in which said memory device portion and said high-
frequency current suppressor are molded.

3. The magnetic random access memory according to claim 1,
wherein said magnetic material is granular magnetic material.



