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Abstract

In the previous reports we have shown that metal-insulator nanocomposite layers can be
prepared by high dose implantation of magnetic metal 1ons into insulating oxides and that the
synthesized granular layers provide attractive structure such as giant magnetic tunneling junctions,
memory device (MRAM), and so on. In this way an eminent tunneling magnetoresistance (TMR)
effect was found in the a-AlO; single crystals implanted with 100 keV Fe™ and Co* ions, where the
implanted layers exhibit a magnetoresitance (MR) ratio more than 13 %. The obtained value is about
twice as large as that observed for similar granular alloy FeCo-Al.O; films prepared by rf sputtering,
and the highest among the reported MR ratios in Fe- and Fe-alloy granular films. We are now trying
to improve magnetic characteristics of the nanocomposites by controlling the size distribution of the
granules embedded in Al:0; matrix. One of the tailoring methods is laser annealing of the implanted
granular layers. In this study we report a preliminary result and the comparison of the methods with
other techniques such as high temperature annealing and high energy ion irradiation. We have
verified that irradiation of KrF excimer laser is effective to modify the size distribution and magnetic

properties of Fe-Co and Fe-Au nanoparticles in Al;O; matrix.

Key Words : FeCo, FeAu alloy nanoparticles, Conversion electron Mdssbauer, Laser annealing, Ton
implantation, TMR
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[Fig. 1:Schematic diagrams of magnetization
vectors (arrows) in the granules
emhedded in insulating oxides, without
external magnetic field (A) and with
maghetic field (B).
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Fig. 2:Block diagram of a 400 kV ion
implanter.

HAEMEICERT B, /A Y—ARDT T X<
TRELIZERAA 25 ZHL, i~ %y b
THEDA A EBH Li-db L, Nl Zm L Tk
KA KVE TINET 5, Zo#k, RN —IZEA
THREODE—LEEE BVIALPAXF =7
BY) BFoTA A E—Aax® B &Z—4Fy Mol
AT D, ZOXIRRAMILEDO F—E - FHdTE L
TOA AN, 1 CIER C8 R T30
SRR IR B RUC RS Z & DTERWVEIFE L
TS HWBRT WS [14], £ ORI,

© HREDY—H v MIEIZ, EIERTORMET
KA FERLL EIZEA (F—EY) TEHE
T TH Y,

@ WAEXEFH I/ BETHANRFDE
ABORSEA AV ZRXAF—HIZL>TED
BIENTED Fhv AU THFCE-T
BIRD 0 72 BB A&+ ) A — 2 BEE DR
THIEIT 2 Z LB TETAZ—= 2 I HJHE,

@ A AR L - T, EARORERIE S
AT HE,

T 0, MATTHROWPIE & 2518534 4 FREEE IZBLE
TE D AMADENE MBS REIRIC R 50 TH S,
MW= —4y b RARIZA A v E— Aokt LT
5 CIRYfHitie, E—AERIEE e Alen’, B
B AL Smme TH Y, 1.5X 10 ons/em® REOTE
AT 10MERN] 2 2L 7=, 100keV THMEE L 7="Fe'd
P RFLIL, TRIM code® I a2 b—3 3 i bE
50mmTdh D LHiang, ZOMARS Z HLICH
DA F RO BART AT —%8EL7Z ; H
5, CoA A /iX100keV, AuAf 7 2/{F240keVODE AT
FAF—=L Lz, £72, 1.5X10"ons/em’E THEA
L7c@&BOIER P Iz DEMRBEEIT LE~20% & A
Hbiohd,

3.2) L—YRsEE
AT IR 248nmDKrF = % <= L—H H Wb
o FOL—PHEROT 0 v 7 HEFig 3127 L
fe[158]. Z @O L—H¥EEIE, BANMETCHEIN
kv - L—HF - TF=— ¥ L 2AFAL(E
LA)THY, EIZHEMFEES/— P CHOKIR
AU a3 TF THESORET A AHAA E
NTWLHEDLAMOEETHD, ZOHEDL—
PN TR OEY Thd, 2HITR~< L1,



L—HWHREHC K 57 ki o3 1 X554 il

HRREETHLIWT 4 A7 b A 2ED 2D IEtkE
ODENETFT(ZER Va3 AL DM NT
TAR)VDEKPLETHY, TEALT 7 A (FEH
BV avEzR) ) arvicd BT 32 IEAAR
AR Thd, £Z7T, HF7AKEEIZREENT >
JasjilczF < L—FOL2ERE LT, B
IR NEh « BHENC X B2 ) 2 OFEm - FiRk
#1792, ZO¥ ) avEOT7 =—/ @ TiE, =%
vwL—H0r ) arizidTaRREOR S 2F A
LTHEY, H7REE O = o 2% BRI
(21400 CEA LITHNEA L THEM STV 24, TR
MED ZIZ L — R E BB H T A KR 5 2 5 8%
NS L, B@aoRBN T 22 ERTREICL

TWa,
KrF
Attenuator Excimer
Laser
l L qu‘lcction
Condenser Mirror
Homogenizer Lens
Chamber
Sample

Sample stage

Fig. 3:Block diagram of KrF excima laser
apparatus.
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Table 1:Hyperfine parameters obtained from the analysis of CEMS spectra in Fig.
8. SPM stands for superparamagnetic peak. Intensity of the second and
third columns in the table denotes the relative area of the respective

peaks in the spectra.

Spectrum | Ferromagnetic |Relative Hyperfine | Isomer Shift | Line Width
Intensity (%) | Intensity of SPM|Field (T) | (mm/s) (mm/s)

Total

(Fig. 8A) 47.0 0.41 34.5 0.11 0. 49

Surface

(Fig. 8B) 28.6 0.89 34.4 0.12 0.52
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