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MpepcTaBneHbl pesysibTaTbl 3KCNepUMeHTasIbHbIX MCC/1e0BaHUI npouecca GopMUPOBAHUS MHOTOC/TIOMHbIX
HaHOCTPYKTYp CO CMWUH-TYHHE/bHbIM MarHUTOpe3ucTuBHbIM (CTMP) 3ddekTom. Mpu dopmupoBaHum
CTMP-HaHOCTPYKTYP MO UHTErpasibHON TeEXHONOr MK BOCTUTHYT CTMP-3¢dekT Ha ypoBHe 157,5%.

The results of experimental studies of multilayer nanostructures producing with spin-tunnel
magnetoresistive (STMR) effect are presented. When STMR nanostructures were formed using

integrated technology, the STMR effect increased up to 157.5%.

BBEJLEHUE

TOHKOIJIEHOYHBIe MHOTOC/IOMHBIE HAHOCTPYKTYPBI CO
CIIMH-TYHHEJIbBHBIM MaTrHHTOPE3UCTHBHBIM (CTMP)
3bdPeKTOM ITPUMEHSIIOTCS B Psifie COBpeMeHHBIX ITPH6o-
POB: BBICOKOYYBCTBUTE/IbHBIX ITpeobpa3oBaTe/six Mar-
HUTHOTO I10JI51, CYMTHIBAIOLIKMX FOJIOBKAaX, SHEProHe3a-
BHCHMOM IIaMSTH, 6MOCEHCOPHBIX U JIOTHYeCKHX JJ1e-
MeHTaXx YCTPOMCTB CIMHTPOHUKH. OBJIa/leHHe TeXHOJI0-
ryuer OpMHPOBaHM S HAHOCTPYKTYp ¢ CTMP-3¢pderTom
OTKPbIBAET HOBbIE BO3MOKHOCTHU [JIs TAKHUX CEKTO-
POB 5KOHOMHKH, KaK IpHOOPOCTpoeHHe, MeJUIIHHA,
TPAHCIIOPT, a3POKOCMHUYECKAS TeXHUKA U CHCTEMBI
6e30I1acHOCTH.

Cpenu Haubonee BocTpe6OBaHHBIX IPUMEHEHU N
CTMP-HaHOCTPYKTYP B HACTOsIIIee BpeMS BBIIEISIOTCS
JBa — SHeproHe3aBUCHMas IIaMATh U BHICOKOYYBCTBU-
TeJIbHBIE JATYHUKU U Ipeobpa3oBaTeny MaTHUTHOIO
nonsi. Tak, HaIpuMep, KOMIIaHUs Everspin ogHol
M3 [IePBbIX peaik30Ba/Ia MATHUTOPE3UCTHUBHYIO IIaMSTh
C IIPOK3BOJIBHBIM JIOCTYIIOM (magnetoresistive random-
access memory - MRAM) U B HacTos1Iee BpeMs SIBJISIETCS

JIUIEPOM B 00/1aCTH NEPCIIeKTUBHBIX SHEPrOHe3aBUCH-
MBIX YCTPOMCTB XpaHeHHU I MHPOPMaLUHU. TeXHOIOr s
MRAM oCHOBaHa Ha I10C/IeL0BaTe/IbHOM pOPMUPO-
BaHHUU KMOII-cxembl 1 maccuBa CTMP-371eMeHTOB.
Kak mpaBuio, B cocTaB s4eliku MRAM Bxogut MOII-
TpaH3ucTop U CTMP-371eMeHT. OT/IMYUTEIFHOU 0CO-
6eHHOCThI0 MRAM sB/ISeTCS MCIIONb30BaHMEe KBAaH-
TOBBIX U MarHUTHBIX 3pdekToB B CTMP-371eMeHTaX.
OcCHOBHBIM ITperMYyInecTBoM MRAM gBJisgeTCs codyeTa-
HMe CBOKCTB, KOTOPbIM He ob/1afiaeT HU OfHA Apyras
TeXHOJIOTHS CTAaHAAPTHOM UM SHeproHe3aBUCHMOM
[IaMSTH - [I0JIHas SHeProHe3aBUCHMOCTD, BBICOKaS CKO-
POCTb UTeHU 1/ 3aIIMCH U HeOrPaHUYeHHOe KOTTHYeCTBO
LIMKJIOB UTeHM I /3amnucH [1].

3a mociemHee OecsaTUJIeTHe IIOSIBHUJIOCH elle
HEeCKOJIBKO KOMITaHUH, 00/1aJAI0IIUX CBOUMU GHpMeH-
HBIMHU TE€XHOJIOTHUSIMU U3roToB/IeHHsI MRAM Ha ocHOBe
CTMP-31eMeHTOB [1-4]. OgHOM M3 TaKUX KOMIIAaHHUH
sBnsieTcs: "Kpokyc HaHO37eKTpPOHHKA" — COBMECTHOe
npengnpusitue POCHAHO u Crocus Technology, cos-
naHHoe B 2011 rogy. Komnanus Crocus Technology

1 ®epepanbHoe rocyfapcTBeHHoOe GIOAKETHOE Hay4YHOe yyYpexaeHne "Hay4HO-Npon3BOACTBEHHbIN KOMMeKe “TexHonornveckuin LeHTp” (HMK "TexHo-
noruyeckui LeHTp") / Federal State Budgetary Scientific Organization “Scientific-manufacturing complex “Technological centre”, (SMC “Technological

centre”), Russia, Zelenograd.

2 ®epepanbHOe rocyapCTBEHHOE Ka3eHHOe y4pexxaeHne "BonckoBas yacTb 68240" / Federal State Institution “Military unit 68240" ("MU #68240").
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AHOHCHPOBaJa [151 MarHUTOPe3UCTHBHOK OIlepaTUBHON
NaMsTH U npeobpa3oBaTeserl MATHUTHOTO I10JIsI cO6-
CTBEHHYIO KOHCTPyKI K0 CTMP-3/1eMeHTa, B KOTOPOU
IIepeK/II0YeHHe MeKIY COCTOSHUSMHU HHU3KOIO K BBICO-
KOTO COIIPOTHBJICHU S IIPOMCXOAMT IIPU BBICOKOM IIJIOT-
HOCTH TOKa CKBO3b HAaHOCTPYKTypy CTMP-3/1emeHTa [2].
AMepHKaHO-KHUTANCKasl KOMIIaHUs MultiDimension
Technology nMeeT IHMPOKUI aCCOPTHMEHT IIPOAYK-
TOB (BBICOKOYYBCTBHUTE/IbHEIE ITpeobpa3oBaTed Mar-
HUTHOIO II0JI, IIePeK/II0YaTeIH, JATYMKH yIja, JaT-
YMKHU TOKA U JIp.), peal30BaHHBIX Ha ocHoBe CTMP-
HaHOCTPYKTYP. B IMHerliKe IPOyKTOB JaHHOL KOMIIa-
HUHU eCTh JeMOHCTPALIMOHHBIE IIJIAThI, IIOMOTaoLIHe
OCBOMTb UX H3/Ie/IHSI B Pa3/IMYHbBIX IPHUJIOKeHHU X [5].

KCMEPUMEHTAJIbHBIE UCCNIEAOBAHUA

CnuH-TyHHeIbHBIN Hepexof (CTII) cocTouT U3 6apsep-
HOI'O CJI0S1, 3aK/II0YeHHOT0 MeXIY ABYMs peppomMar-
HUTHBIMH (PM) IJIeHKaMHU Pa3IHYHON KO3PLUTHBHO-
ctu [6]. BBHY TOoro uto ®M-C/I0U JOCTATOYHO OBICTPO
OKHC/ISIIOTCS, O/ UX 3aIUThI IPUMEHSIOTCS [IJIeHKHU
Ta, Ti, Ru. Ha puc.1 mpeficTaB/ieH 3CKU3 CTPYKTyphl CTII.

B xauecTBe 6apbepHOro CJI08 B OCHOBHOM
NpUMeHSeTCs [UIeKTPUK MgO, M03BO/ISIOUINH [I0/Y-
4vaTh 6osee BricokUET CTMP-30dekT. Tem He MeHee,
B psafe GUPM BBIIIOIHAIOTCS HccaemoBaHusa CTII
Ha ocHoBe Al,O; [7], NaCl [8], ZnO [9] u Mg;B,0, [10].
Jnsg nneHok ®M1 u ®M2, B 0OCHOBHOM, MCIIO/Ib3Y-
I0TCS CII7IaBbl Ha ocHOBe Co (CoFe, FeNiCo, CoFeB u np.),
TaK>Ke B I10C/Ie[IHee BpeMs aKTUBHO M3Y4YaloTCs CIIJIaBbl
Tericiiepa U pefiko3eMesIbHBIE MeTasllbl [6].

Korzma cmrHOBas opreHTalysa PM-ciioeB COBIIaaeT,
IIPOBOAKMMOCTD CTPYKTYPBI BO3pacTaeT, IIpU aHTHIIA-
pa/yienbHOM KOHQUIypallMU IMPOBOLHUMOCTD 3HAYH-
TeJIbHO yMeHbIIaeTcs [6]. Pa3HUIIA COIPOTHUBIEHUN

INTRODUCTION
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Puc.1. CxemamuuHoe uzo6paxkeHue CTI [6]
Fig.1. The MT] diagram [6]

IpU [apa/lyle/IbHOM U aHTHUIIapajjie/lbHON KOHQU-
rypaluMy HaMarHU4eHHOCTH OM-c/ioeB ompenesser
CTMP-3¢peKT HaHOCTPYKTYPhI. IIpy PUKCALIMU OFHOIO
U3 ®M-ciioes B CTII aHTHeppoMarHeTUKOM BU/JT Mar-
HUTHOM XapaKTepHUCTUKH HaHOCTPYKTYyphl Fe/MgO/Fe/
IrMn npyuHHUMaeT BUJ, IIpeJICTaBlIeHHBIN Ha puc.2 [11].
®M-cnoit 6e3 GUKCALUYM HA3BIBAETCSI CBOOOMHBIM
Y [IepeMarHu4YMBaeTCs IIPU 3HAYMTeIbHO MEeHbBIIHX
[I07IX B CPaBHEHHUH C QUKCHUPOBaHHBIM OM-ciioem,
KOTOPBIM IlepeMarHu4MnBaeTcs: 6osee CUIbHBIM Mar-
HUTHBIM T0eM. PaboTa yCTPOMCTB CIMHTPOHUKHU
OCHOBaHa Ha U3MeHEeHHUHU COIIPOTHUBIIEHUS B 06/1aCTH
MaJIBIX I10JIeH, TO eCTh [IepeMarHUYHBaHUH CBOOOIHOrO
®M-cr1o4.

Co3pgaHue 3¢pPpexkTtruBHOr0 CTII SIB/ISIETCS OCHO-
BOI KOHCTPYHPOBAHMUS IIHPOKOTO CIIeKTpa IIPHOOPOB
U YCTPOMCTB Ha ocHOoBe CTMP-a3ddexTa. [ MUHHUMHU-
3allMM BpeMeHHBIX U MaTepUa/bHbIX 3aTParT B IIpoLiecce

Thin-film multilayer nanostruc-
tures with a spin-tunnel magne-
toresistive (STMR) effect are used
in a certain number of modern
devices, such as highly sensitive
magnetic field transducers, read-
ing heads, non-volatile memory,
biosensor and logic elements of
spintronic devices. Developing the
technology of forming nanostruc-
tures with the STMR-effect opens
a wide range of opportunities for
such sectors of the economy as
instrumentation engineering,

medicine, transport, aerospace
technology and security systems.

There are two most actual appli-
cations of STMR-nanostructures:
non-volatile memory, highly
sensitive sensors and transduc-
ers of magnetic field. For exam-
ple, Everspin was one of the first
companies to implement magne-
toresistive random-access mem-
ory (MRAM) and is currently a
leader in producing advanced
non - volatile storage devices.
MRAM-technology is based on
the sequential formation of a

CMOS-circuit and an array of
spin-tunnel magnetoresistive
elements. As a rule, the MRAM-
cell consists of a MOSFET and a
STMR-element. The main feature
of MRAM is the use of quantum
and magnetic effects in STMR-
elements. The main advantage of
MRAM is a combination of prop-
erties that no other standard of
non - volatile memory technol-
ogy has: the complete non-volatil-
ity, high read/write speed and an
unlimited number of read/write
cycles [1].
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Puc.2. Kpugble mazHumoconpomugaeHus HAHOCMpyKkmypbl
suda Fe/MgO/Fe/IrMn, usmepeHHble npu KOMHAMHOU memne-
pamype u 20 K [11]

Fig.2. Magnetoresistance curves of the Fe/MgO/Fe/IrMn nano-
structure measured at room temperature and 20 K [11]

0TpaboTKH pOPMHUPOBAHHUS COCTaBa HAHOCTPYKTYPhI
CTII mprMeHSs/ICS MACOUHBIN MeTof, [12]. B KauecTBe Tpa-
(bapeTHBIX MaCOK MOI'YT KCIIONb30BaThCsl KpeMHUEBbIe
IUIACTHHBI CO CKBO3HBIMHU OTBEPCTUSMHU B BU/IE ITOJIOCOK
M MHOTOYTOJIPHHUKOB (pHC.3). MacCHBBI JAHHBIX QUTYD
Ha IIJIACTHHAX KPeMHU I GOPMHUPYIOTCS OPTOrOHAJIBHO,
TaK, YTOObI IIPU COBMelLlleHU U TpadapeTHOM U pabodert
IIJIACTHH, 00pa30BbIBAJICSI KPeCTOOOPa3HBIH 3/IeMEHT,
coflep>KallMEL B 06/1aCTH IepeceuyeHHH HHKHEro U Bepx-
Hero 371eKTpozioB PM-coes CTII (puc.4).

CornacHo uccaefoBaHUAM [13] HAHOCTPYKTYPEI BUAA
CoFeB/MgO/CoFeB rmeroT BbicOKUK CTMP-3¢deKT gasxke
IIpH KOMHATHOM TeMIlepaType. 3HauuTenbHbIH CTMP-
3ddeKT 06BACHSIETCS KOTePeHTHBIM CIIMH-3aBUCUMBIM
TyHHe/IHpOBaHHeM 4epe3 baprep MgO. KorepeHTHOe
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Puc.3. ®omozpapus mpagpapemHsix macok 0asl popmuposa-
Hus CTI1
Fig.3. Photo of stencil masks for MT] forming

TYHHe/IMPOBaHHe BO3MOKHO, K IIPHMEPY, B HAHOCTPYK-
Type Fe(001)/MgO(001)/Fe(001) [13]. PM-c/10M B HAHOCTPYK-
Type CoFeB/MgO/CoFeB aMopdHEI ITOC/Ie HAIIbIJIeHH ST, HO
[I0C/Ie TEPMOMATrHUTHOH 06pabotku (TMO) ciou CoFeB
KPHUCTa/I/IM3YI0TCS B 06beMHOLIeHTPHPOBAHHYIO Kybu-
yeckyo (OIIK) KpHUCTanIu4ecKyo CTPYKTYpY C ILJIO-
ckocThio (001). CrnenmyeT OoTMeTUTb, uTo CoFeB B JaHHOM
HaHOCTPYKTYpe, IpHIerarouui K 6aprepy MgO(001),
KpucTamutusyetcs B OLIK ¢ mockocTsio (001), a 6apsep-
HBIH c7iol MgO(001) B JaHHOM CiIydae BBICTYyIIaeT B POJIU
3aTPaBOYHOIO CJI05 IIPH KPUCTA/I/IM3ALMH aMOPPHOro
CoFeB. TaKkoH IIpollecc KPUCTa//IM3aLIUH U3BeCTeH KaK
TBepAodasHas snuTakcus [14]. Takum obpaszom, OLIK
CoFeB(001) mMeeT IIOTTHOCTBIO CIIMH-TIOSIPHU30BAHHBIE
A, 6710X0BCKHE COCTOSIHUS Ha ypoBHe PepMH, HAHO-
cTpyKTypa CoFeB/MgO/CoFeB MO>KeT JOCTUIATh 3HAYH-
TeNbHBIX 3HaUeHU M CTMP-3¢derTa, BIUIOTH 10 600% [15].

B mpotiecce 0oTpaboTKU TeXHOIOTUH GOPMHPOBA-
HMS HaHOCTPYKTYpsl CTII ObI/I0 9KCIIEPUMEHTAJIBHO

Over the past decade, sev-
eral other companies with
their own proprietary MRAM-
manufacturing technolo-
gies based on STMR-elements
have been founded [1-4]. One
of these companies is Crocus
Nanoelectronics, a joint venture
between RUSNANO and Crocus
Technology, established in 2011.
Crocus Technology has announced
its own STMR-element design
for MRAM and magnetic field
transducers, in which switching
between low and high resistance
occurs at a high current density
through the nanostructure of the
STMR-element [2].

The American-Chinese
company "MultiDimension
Technology" has a wide range
of products (highly sensitive
magnetic field transdusers,
switches, angle sensors, current
sensors, etc.) based on STMR-
nanostructures. The product line
of company includes demo boards
for mastering their products in
various applications [5].

EXPERIMENTAL RESEARCH

A magnetic tunnel junction (MTJ)
consists of a tunnel barrier layer
enclosed between two ferromag-
netic (FM) films of different coer-
civity [6]. Due to the fact that
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FM-layers can be oxidized, Ta-,
Ti-, Ru-films are used as a protec-
tion. Figure 1 shows a scheme of
the MTJ-structure.

The MgO dielectric is mainly
used as a tunnel barrier, it pro-
vides a higher STMR-effect.
However, a number of compa-
nies make research on MT]J based
on Al,O; [7], NacCl [8], ZnO [9] and
Mg;B,0; [10]. Co-based alloys are
mainly used for FM1 and FM2
films (CoFe, FeNiCo, CoFeB and
several others), Ceisler alloys and
rare earth metals are actively
studied [6].

When the spin orientation
of the FM-layers coincides, the
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Fig.4. Photo of a crystal containing a test element with MT)

Puc.5. R(H)-xapakmepucmuka o6pa3ua Ha ocHoge CoFeB/

MgO/CoFeB nocne TMO, seauduHa CTMP-3¢dekma cocmasu-
noaTBepskAeHo BnusHue TMO Ha CTMP-3ddekT B 06pas- na49,5%
112X, M3rOTOBAEHHBIX KaK MACOYHBIM MeTOHoM (PHC.5), Puc.5. R(H) characteristic of the sample based on CoFeB/MgO/
TaK U C IpUMeHeHHeM QOTOIUTOrpadrUecKUX [JUKIIOB CoFeB after TMT, the value of the STMR-effect was 49.5%
(puc.6). MHTerpaabHasi TeXHOJIOTHS HU3TOTOBIEHU S
CTMP-HaHOCTPYKTYP COCTOUT U3 IIATU GOTONUTOTrpadu-
YeCKHUX LJUKJIOB, BKIYAMIIHUX OPMHPOBAHHE OIlpe-

JleJIeHHOM T10C/IeIoBaTeIbHOCTH HaHOPa3MePHBIX CJI0eB 307
Ta/FeNiCo/CoFeB/MgO/CoFeB/FeNiCo/FeMn/Ta B exiHOM £ oo
TexXHOJIOTHYecKkoM Iporiecce. B unTterpanpsHort CTMP- © L,
HAaHOCTPYKTYPpe Iocjie npoBeaeHus TMO DOCTUTHY- c o5y
ToI CTMP-3¢dexT coctaBui 108%. [JanbHelllee IIOBbI- 3 2|
IIeHKe BeJIMYHUHBI MATHUTOPE3UCTUBHOIO 3¢pdpexra o 18
6BLI0 BO3MOSKHO ITPH ITOBBIIIEHHOM TeMIepaType TMO. 16 J
x x x x

CrieqyOIIHMM 3TAIIOM B Pa3BUTHHU HHTerpaanofI CTMP-

T T T T
-200 -150 -100 -50 0 50 100 150 200
HAaHOCTPYKTYPBI SIBJISITIACh 3aMeHa aHTH)epPOMaTrHHUT-

. . H,3|H, Oe
Horo cjosa FeMn Ha ciiod IrMn, obnagarmomui 6oee
BBICOKO TeMIlepaTypoi Heers.
JlanpHeHIIe UCCIeJ0oBaHU I [TOKa3a/JdH, UTO IpU- Puc.6. R(H)-xapakmepucmuka o6pasua nocae TMO, 8eAu4uHa
MeHeHHUe B cocTaBe CTMP-HaHOCTPYKTYpEl CUHTe-  CTMP-3¢ppekma cocmasuna 108%
THu4deckoro aHTudeppomarsetuka (CAP) mosBosser Fig.6. R(H) characteristic of the sample after TMT, the value of
obecrieuuTs 60/ee BBICOKYIO TePMOCTAOUIBHOCTH, the STMR-effect was 108%
M
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Puc.7. Kpusble nepemazHuyugarus CTMP-HaHocmpykmyp ¢ aHmugeppomazHemukom (@) u cuHmemuveckum aHmucdeppomazdemurom (6) [14]
Fig.7. Remagnetization curves of STMR-nanostructures (a) with an antiferromagnet and (b) a synthetic antiferromagnet (SAF) [14]
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Puc.8. M306paskeHus nonepeyuHblx cedeHul HAHOCMpYyKmMyp Ha
ocHoge CoFe/CoFeB (a) u CoFe/Ru/CoFeB (b) nocae TMO npu
375°C, nonyveHHble Memodom npoceeyusaroleli 3NeKmpoH-
Holi mukpockonuu [16]

Fig.8. Images of cross-sections of nanostructures based on CoFe/
CoFeB (a) and CoFe/Ru/CoFeB (b) after TMT at 375°C, obtained
by transmission electron microscopy [16]

CUMMEeTPHUYHOCTD IIeT/IU [lepeMarHUu4YKUBaHUS CBO-
00 HOTO C10S1 OTHOCHUTE/IbHO HYJIsl, IOBBIIIEHHOE
3HaueHHUe BeJlU4YUHB CTMP-addekra (puc.7) [14].
Kaxk mpasuino, CA® mpepncraBisgeT cobon nBa
®M-cos, pas’feleHHBX HeMarHMTHBIM CJIOeM
(Ru, Ag, Au), A1 KOTOPBIX XapaKTepHO B3aKMO-
ngencTBHe PynepmaHa - Kurrens - Kacys - Hocuper
(PKKH-B3aMMOMEICTBUE).

Ha pruc.8 mokasaHo BIMSHHE /1051 Ru Ha IIporiecc
KpHCTa/UIHM3aLuu amopéHoro ciost CoFeB B CTII. ITocie

TMO rpaHu1isl pasaena CoFeB/MgO/CoFeB obpasia c Ru
HMMeloT 6osiee yropsoueHHYI0 CTPYKTYPY, UTO 3HAUHU-
TenbHO NoBbIIaeT CTMP-3¢dexT [16].

B pesynsrare psiia MOZUPHUKALIME U OTPabOTKH TexX-
Hojoruyeckoro mpouecca CTMP-HaHOCTPYKTypa IIpU-
Hsia Buj Ta/CoFe/CoFeB/MgO/CoFeB/Ru/CoFe/IrMn/Ta.
I[Toce oTpabOTKH TeXHOJOIHUeCKOro mporecca $pop-
MHpOBaHUS JaHHON CTMP-HaHOCTPYKTYPHI U ITofbopa
onTUMaIbHOro peskuma TMO pocturayt CTMP-sgdexr
Ha ypoBHe 157,5% (puc.9).

INony4yeHHBIe SKCIIEPUMEHTAJIbHbIE U TeOPeTHYeCKHe
IOAHHBIe CIIOCOOCTBYIOT Pa3paboTKe U M3TOTOBIEHHIO
YCTPOMCTB Ha 0cHOBe CTMP-HaHOCTPYKTYp: BBICOKOUYB-
CTBUTe/IbHBIX IIpeobpa3oBaTe/iell MaTHUTHOIO 0,
3HeproHe3aBUCHMMOM MarHUTOPe3UCTHBHOM ITaMSITH
C IIPOM3BOJIbHBIM JIOCTYIIOM.

3AKNIOYEHUE

MacouHoe popmupoBaHre CTMP-HaHOCTPYKTYP 3HAYH-
TeJIbHO COKPATHJIO TeXHOIOTMYeCKHUH LIUKJI U3TOTOBJIe-
HUSI 5KCIIEPUMeHTa/IbHBIX 06pa3sioB CTII mpu mopbope
MaTepHajoB U TOJNIIKMH IIJIEHOK, BXOAAIIMX B COCTAB
MHOTOC/IOMHON HAaHOCTPYKTYpPEL. 3aMeHa aHTHdep-
poMarHuTHOro cjioss FeMn Ha IrMn B HaHOCTPYKTYype
II03BOJIKJIO IIOBBICUTE TeMItepaTypy TMO, 4To IIOBJIEKJIO
3a cobomt yBenudueHue CTMP-a¢pdeKTa. IIpumMeHeHHe
CA®-CTPYKTYpHI B UKCHPOBAHHOM CJI0e 0becIednio
TeMIIepaTypHYIo cTabunpHOCTh CTII, HOBHIIIEHHE
CTMP-3¢dexTa, CHUKeHUe MAaTrHUTOCTATUYeCKOI0 10151
OIIOPHOTO CJIOSL U €ro BIMSIHUS Ha CBOOOMHBIM CJIOM.
CA® B GUKCHUPOBAHHOM CJIO€ IIPUMEHIeTCs AJISl CO3-
NaHHS CKpelleHHOM MarHUTHOW KOHQUIypallUH,

conductivity of the structure
increases; in condition of the anti-
parallel configuration, the conduc-
tivity decreases significantly [6].
The difference in resistances for
parallel and antiparallel config-
urations of the FM-layer magne-
tization determines the STMR-
effect of the nanostructure. When
one of the FM-layers is fixed in the
MT] with an antiferromagnet, the
magnetic characteristic of the Fe/
MgO/Fe/IrtMn nanostructure has
the form shown in Fig.2 [11]. The
FM-layer without fixation is called
"free" and is remagnetized at sig-
nificantly lower fields in compar-
ison with the "fixed" FM-layer,

which is remagnetized by a stron-
ger magnetic field. The operation
of spintronics devices is based
on a change in the resistance in
the region of small fields, thatis,
the remagnetization of the free
FM-layer.

Creating an effective MT] is the
basis for designing a wide range
of devices based on STMR-effect.
To minimize time and material
costs in the process of manufac-
turing the MTJ] nanostructure,
the mask method was used [12].
Silicon wafers with through holes
in the form of strips and poly-
gons can be used as stencil masks
(Figure 3). Arrays of these figures
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are formed orthogonally, so that
when the stencil and wafer are
combined, a cross-shaped ele-
ment is formed, containing MT]J-
layers in the area of intersections
of top and bottom FM-electrodes
(Fig.4).

According to studies [13] nano-
structure CoFeB/MgO/CoFeB
has a high STMR-effect even at
room temperature. The signifi-
cant STMR-effect is explained by
coherent spin-dependent tunnel-
ing through the MgO tunnel bar-
rier. Coherent tunneling is pos-
sible, for example, in a single-
crystal nanostructure Fe/MgO/
Fe(001). |
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Puc.9. R(H)-xapakmepucmuka 06pa3ua ¢ CA®, geauduHa
CTMP-3¢ppekma cocmasuna 157,5%

Fig.9. R(H) characteristic of the sample with SAF, the value of the
STMR-effect was 157.5%

HeobX0A MO [I/Is CO3IaHUs ITpeobpa3oBaTeiell Mar-
HUTHOIO 1107151. IToc/ie IpoBeleHK s HeCKOJIBKUX CTaJUH
TMO CTMP-HaHOCTPYKTYp ¢ CAD B UKCHUPOBAHHOM
CJI0e TIPY Pa3sIMYHbIX PeSKMMaX KO3SPUUTHBHOCTD CBO-
6OIHOrO €101 3HAYUTEIBHO CHUYKAETCS.

MUHHMMH3ALIUS BIUSHUA LIePOXOBATOCTH Ha CBOM-
CTBa QUKCHUPYIOLUIETO aHTUPEPPOMATHUTHOTO CJI0S
B CTMP-HaHOCTPYKType peajn3yercs IyTeM ero ¢pop-
MHPOBaHUS B 06/1acTu BepxHero sjnexktpona CTII.
BenuvuHa nonydeHHoro CTMP-3¢deKTa Ipu JaHHOU
KOHOQUTYPALIMKM HAHOCTPYKTYPhl HAXOJMUTCS Ha YPOBHe,
IOCTUTHYTOM 3apybes>KHBIMH HccIeioBaTeIsIMH [17].

HcciegoBaHue apaMeTpoB COPMUPOBAHHBIX HAHO-
CTPYKTYP OCYILIECTBJISAIOCH C KCII0/Ib30BAHHEeM YHUKa/Ib-
Horo obopynoBaHus LIKIT "®yHKIIMOHAIbHBIF KOHTPOJIb
M IMaTHOCTHKA MUKPO- ¥ HAHOCUCTEMHOM TeXHUKHU'
Ha 6a3e HIIK "TexHOMIOrMYeCKUH LEHTP .
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