J. Magn. Soc. Jpn., 30, 162-165 (2006) (Paper)

Fabrication of Regularly Aligned Y-Shaped NisoFezo Arrays by the
Damascene Technique and Their Characterization
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Regularly aligned arrays (linear and honeycomb arrangements) of Y-shaped NisoFeso (permalloy) nanodots
buried in silicon wafers were fabricated using the damascene technique, and electron beam lithography (EB). The
distributions of surface magnetization were observed by means of magnetic force microscopy (MFM), and the internal
spin distributions were analyzed by a micromagnetic simulation using the Landau-Lifshitz-Gilbert equations (LLG
eq.). Spin distributions are determined by the effects of geometric shapes and magnetostatic interactions working
between adjacent dots.

Key words: magnetic structure, permalloy, magnetic force microscope, LLG simulation

3 kT & BYFEINisoFeool 11 HIES 5 & RS BT
LA A « BT B =]« (LR s - Gl sEs - ek
HRUR T RS RZERE TEZE M, HRHS M T T 2-24-16 (T 184-8588)
“NHKBGEH A IEAT, HAEL I A XA 1-10-11 (T 157-8510)
IATATA F T T s ao— RS, AT RS 2-15-5 (T 104-0041)

1. [ZC®IC

R T A R, RS A T VIRE S DR
SUSFAT 7 ADFE 2 M0 - BB LDT= DI, T/ Ar—
JVOREHEIRDBH V30, BRI RAIR Th 5 &5
ZBHIVTNDD, T ) A — VORI A S &S B 5
Z EIIDEIN LI BIVTNDY, BRZ, Y7 7 a Y ALUF
WM TSIV, BEEEERROEERY A X B EnmfRE)
W<, BRI X B A ERNC KL S K
ELFHELTLD L5122, #EkO~ 7 miegEHRIZIT R oN
PR R PR TR S E MBIV D,

e 1T NFE T T 7 v YA OB E ORI
IR L, #~ 452 OSEERI TR 2 2RI L=
A FILRNR—~ 1 1 (NigoFeso) HHAIES 2 ERL L,
MFM(Magnetic Force Microscope)lZ & % ZHilH b o5An g
179 & & BiZ, Landau-Lifshitz-Gilbert (LLG) J7FEA BRI
i T W ZRTT~ A 7 AR L 2 L— 2 BB L,
RIS NS OIS Lo A=ORS LSRR DV N C RSN ZAZAT L
EEATHTEINDO |

4 KO ORI AL FFRILIRD S—< 4 Ky MERIRL
FIREEI IV T, 2 AOBERBIC IEORME, 721 0 2 RO
WCEDBHRBETER L, BETNOBY IR CTRFH IR & 7
DM B AT ORI AR U720, 7, BRRE R METCHfi
HIFR EAEFSEBE LT &35 2 BINDRIR & I AT IEARMBRORER
B b SV, AT, +5EbliE AL, 3 AKD
i L LT e 7 7 A b L—y 2 VAR OYFIRINCER L,
FSHFH Y ER OB R LIROROD 2 TR Ry M2 25
Witortiz, MEM, <A 7 B I = L—3 a3 AT Lo Til
T LTz

2. REBRAE

2.1 HHEH

2 LSi(100) EHU EBElectron Beam)!) V757 4 LA
(AAEA Y, ZEP-520A) %, B 3nHZk 500 rpm T 5
W, 55— BP ARk 5000 rpm CE0FMI A B 22—k L, 180 °C,
2 SED~—F L 7%, EBY Y 25 7 ¢ #EE(ELIONIXEL
ELS-7300ULH) T/3% — > O 24T o 72, il S2 — 1308
300 nm, X 1.4 pmOfis, Hu0MAE 120 °TYFHRISHA S
TN, 6 umFIRE CIEHRI ZALS S W72 b LA, ERRIR
BB EFRT), BB ERIEAE 400 nm CIMEDBHEIRICE]
W7 b DU, EOBHERELS &) 0 2FED < F — %
Lz RIZ, BB KV~ R0 _82 — % B L, CRyT
Z %= 400 WORF 75 A=RIc k5 RS A = v F o 7R
TR Y — L DB T2, ZOBOT v F o 7 L— NI
1.5 nm/sec. & L. =D, BRI LT v—~1rA (NisgoFex)
FETE—LFEHCLOHRE L, REORD ez LRI
IAEE(Chemical Mechanical Polishing, CMP)J J USi#E Tl
SREOTEY AT Z Lok v, SHBASRRIESZ /L7
2.2 BESAOETAE

73— v A FEEHRRIES | DOFEBH CIRRBI I DRI,
MFM(SPI4000 Nano-Navi/E-sweep, SII NanoTechnology# %
W Tore, ZOMEEN, 0B ORI 2888 LI~ 1KE—
A2 MNEEHCoPtCr=—7 ¢ > VIR : 24 nm) %V, QIETIHEAS
AREZ TR I ARREEZEHMEFMEEED Chhd.

WIZ, SNSRI SRHG U T R OB A1 772 5
To0IZ, EIHHEBAC & - CRIEGE & 7 > & W LIz IRaEDRE}
WL, ARABEAIZ &5 C 80 Oe FEEEDINNSS & EPNIZEIN L,
TG 2D Eo TR LIRREIC 51T D R E %

162 Journal of the Magnetics Society of Japan Vol. 30, No., 2, 2006



Saturation magnetization (Ms) 800 emu/cm?

Exchange stiffness constant (A) 1.3X 106 erg/cm
Anisotropic constant (Ku) 1000 erg/cm3 (x J5[f])
Gyromagnetic constant () -1.76 X107 rad/(s * Oe)

Damping constant (o) 0.1

Cell size 20 nm cubic

Table 1 Parameters f 3-D simulation using the LLG eq.
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Fig. 1. SEM images of regularly aligned Y-shaped permalloy
arrays, with (a) the linear arrangement and (b) the honeycomb

arrangement.

MEFM |2 &> THIER L7z, SN, EPNICIVTHAEE 60 ° [
B@o> 6 S SEM L=,

iz, BRI ENE OB AT OBERF R AT O 7201,
ZRIEVA T iR R 2 L—#9 ZERRL, BY R S—<n
A FEEPIBORA LR ORI 2 AT o T2, FHETETLOTA R,
F& 14um, 18200nm, X 100 nm® = AROBEERF-OY TR
EL, AELIEY TRy MR k& & & Uiz, F7
MR A E L, A7 VW Bps. (SRR 21T o7
LLGEHRIZHW =8/ 3T A—% %Table 1 (T~9~

3. RRBRLER

VERL U 7Bt N T IREE (SEM) 8% Fig. LI~
Fig. 1. (@ IZEHRHAEA, Fig. 1. (b) 13D ER RS CH 2.
WHEERA i = 2o kv, RO B Rmi S RMS)iE
0.9 nm FE L 725 TR, IEFHICFRHEHRIED B GBS
WTND, WTIOREHZIRWTHIER L72 Y SRS EOTES I
130 nm THD.

WIZ, INETREEING X A RAELE ORIHERORB R A Fig. 2.
@~@ 1T~y ZOBINITEF OFT— A > MEEHCoPtCr
a—7 ¢ VPRS0 nm) A4 72 MFM %5 (SPI3S00N, SIT
NanoTechnology )% v /=, Fig. 2. () I3FEHIEI A i
LT, PR CIRBBIZ R O CIIE L7 MFM 8 T 5. 1444,
BRIt 2 BEROTRN T TR MOREILT VX AL lno
TWDZ EDsbnd.

Fig. 2 (b) ~ () (2T TFOTERMLERIC L > ChafilE % 7 > 2 L

(g

Fig. 2. MFM images of the magnetic pole arrangements
controlled by the external magnetic field. (a) Remnant state
image after dc demagnetization. (b-g) Remnant state images
after application of an external magnetic field. Arrows indicate
the direction of the field.
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Fig. 3. MFM images of the linearly aligned arrays : (@) Y
—shaped dots and (b) magnified image of the arm without poles.
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Fig. 4. () MFM image of the honeycomb arrangement. (b)

Magnified MFM image of specific dots, where arrows show the

spin flow in each bar.

Fig. 5. Magnetization configuration contrasted for —div4 of
magnetizations, which was calculated by 3-D simulation using
the LLG eq.
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