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Effects of the Permittivity of the Oxide Matrix and the Size of Ferromagnetic Particles on Giant
Magnetoresistance in (Co,Fe)-M-O M =Ty, Nd, Al, and Si) Granular Films
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Granular (Co,Fe)-M-O (M =Ty, Nd, AL and Si) thin films
showing giant magnetoresistance (GMR) of 4% —10% at room
temperature were successfully prepared by the reactive
deposition method using an O, beam. The magnetoresistance
(MR) ratios at 19 kOe (MR, (19 kOe) ) were found to have
roughly a tendency of MR. (M = S <MR,(A) < MR,(Nd)< MR,
(Ti), which corresponds to the order of the estimated relative
dielectric constants ( ¢ ,) of amorphous Si0,, AL,0,, Nd,O,, and
TiO,. In particular, MR.(M="Tj, 19 kOe) was found to reach a
large value of 9.8 (%). Furthermore, ME,(H = ) value of
these films was found to increase abruptly with the decrease in
the average diameter of ferromagnetic particles, and is
estimated to reach about 15% at room temperature. The
phenomenon can be explained by considering that, as the
average diameters of ferromagnetic particles decrease, spin-
flips of tunnel electrons are suppressed because the energy for
inelastic scattering generated at the time of tunneling between
particles with different diameters becomes smaller than the
minimum magnon energy.

Key words: GMR, spin-dependent tunneling, insulating
granular system, Co-Ti-O, Co-Al-O, Co-5i-0, Fe-Ti-O, Co-Fe-
Ti-O, magnon, dielectric constant
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Fig.1 (@ MR, (19kOe)of Co-M-O M =Ti Nd, Al and Si)
films as a function of the resistivity. (b) MR, (19 kOe) of N-Ti-
O(N=Co,Fe,andCo—Fe)ﬁ]msasaﬁmctionofthe

resistivity.
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Fig. 2 47nMand MR curves for an as-deposited Co-Ti-O
film. For the 47 M curves, the solid line represents the
experimental curve and the open circles represent the
caleulated values, assuming a log-normal particle size
distribution in Fig. 3. For MR curves, the open circles
represent the experimental curve and the closed circles
represent the calculated values using [1—ME (H= 0) X

Fd)=(C/(2 n)"(Ino)) exp(—In*(d/d) 2n? o) @ MIMY] .
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Fig. 3 Log-normal particle size distribution used to calculate
the magnetization curve in Fig. 2.
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Fig.4 Lno dependence of the relative difference given by [S
| MR, (15 kOe) X 15 kOe], where S'is the area surrounded by
the experimental MR curves and the calculated ones by using
eq. (3) when they are assumed to meet at 15 kOe, as shown in
the illustration.
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Fig.5 MR(H= ) determined by eq. (8) as a function of the
average diameters of ferromagnetic particles determined by
eq. (4). The dashed and dashed-and-dotted lines indicate the
theoretical maxima for Co and Fe granular systems,
respectively.
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Fig. 6 Schematic diagram of the electron tunneling between
two ferromagnetic particles with different diameters (d > d)
in the electric field £ (= K/¢,). The ordinate shows the
energy of the electron and the abscissa shows the position of
the electron. The inelastic scattering energy A E is
approximately given by the difference of the Fermi levels of
each particle, which is determined by the charging energy of
each particle.
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Fig. 7 The solid line represents the minimum magnon
energy for foc Co (D= 340 meV) as a function of the diameters
of the ferromagnetic particles. The dashed lines show the
maximum values of the inelastic scattering energy for each
tunneling calculated for ¢ =5, 10, and 20 as a function of the
average diameter of ferromagnetic particles, which also
corresponds to the charging energy of ferromagnetic particles
calculated for ¢ =5, 10, and 20. The dotted line indicates the
level of the thermal energy.

ITRROBRIZRAED o7z,
E.=D (QBnir)z+qy11ﬁn2+qm|in =3D(n/dy ()

ZIZT, @ FI=T ) OBy INESR (R /2= d)DRS,
D3 foc Co DITHAT 4 7 FAEHTHD (D= 340 meVA? &
L72®. becFe DHAIEH I LD, ).

Fig. 7 ORI, GFRIOBUIOFEBR: =5, 10, 20D
BEIZRED o o B TEERIR COIMEBE T XN F—DkE &
FORKNEORE Z2FRDOL TS, HEOHETL, ESS
MLTWDEEIE, Ad DERLFOBRBEITHSERH K
DNEEL Y In((d+Ad) /d) ~ Ino THY, ZZTlno=06
EEL ZEIZED Ad=082d,~ d, &5, GRITHNT
Ad/7d? ~ Ud, & Uiz, Zhuth k5 CEERHRIC RS BhE
FOWETFRNF—IHE LV, HHRHEAD SFEHRIZ0.3 L Li-.
FBRD TR ——EORITFR TOBTILE— R RHLTH
5.

RLFRIO h AT, 3251 exp(-AE, KT) IZHpiH
21®, RENCERICHEST2ETIL, AE WhE<RBED

RO LDOBEEL TR R LB LEZ NS D,

Tz, FERROHBEREL T RL¥—X Fig. 7 DELY /0
ILRRDTHS Y. ZOMFMNL, AE BREL R ve 2
PAENBDITE, FHERICRBIZSEETHA .

Fig. 7T, ¢, 520 BEETKELI DL, IR~
NR—DFKIEN By, & IR ~ 2 nm TRETS. o
T, ZTORBRE D KEVKIFTTOHB~ T ) U RRETE D, —F,
RS ~2 nm DFE, TIUTHIET D B, XV ERL
FOWBETXNXAIHE LD, BETRAF SR RLE

BARICHESEEE  Vol. 27, No. 4, 2003

—EVENZ Lb, 1ZEALEDOBFHRIE ~ 2 nm ORFH
WET DT EERLTOS, #E5Te 2520 T, EHMEEA 2 nm
UTDHE, =7 ) ABRERIETE R\ Li2k25. Fig. 5 C
Co-Ti-0 % & Co-Nd-O & T, KRN 2nm LT T MRH
= VHEREKERE THI~5%I B REDIL, ZD L 31z,
7 ) UBRETER VISV A BT BN GERT 57
B EEZIUTHAN»HL X oIz Bbha.

Fig. 7 260235 £ 512, HEBERO/NEVREOBREIC,
HET X —B L ORHREIC L D IERERE 3L F—Dk
B2, ZORBZEOWPATIL, BT IAX—E)RVBLE. =0
LB E, RRORZVESD, EIIBERENAELA2Y
5 & 9 M0 oy BB bR T R, BHENEE
LT HETRNF—EENILTWBEEZONRS, LL,
EHHIZLTY, HBEROKEVRBHIHAT, KEnhizb
REVEALBEHAUT R 5T, DL THRERKE 2B e~
7 UDRE LTS, MRBMESIZONADTHSS.

VEDHEDD, 77 =2F—HED MR Hiz WO T FD
EOCEBR L. BBBREDORVY'S =2 5— A B0
BIEBRENIIBER. LHLIEGRBRNRE e~ ) Lpd
RAELRTV. HHRBRPRE TH<7 /U RELRNVES
Z9DITE, B, BRMEEREOR L D IEDERS T
EREZOND. B, WRAEARPEROXRMEE DI Bk
PEZLND. BEOBRTIYL, HREEEREOB LA &
BYELEEZOND P, BRI -0, R kY
T2V R R RFAERB LN B0 LIV, EkEDE
BRTIL, Coidfee & hep AEEE LTV DT %, bee Bl Fe
HBHVNE Fe-Co DFR L HH Liviz . CoFe-MgFe, % Tl
O TREBED BAFRIERRE STV H D, SRR
EZER(372<, boc HADARRDT, =7 7 V8 E LI W
7280 Liviav. Fig 1 Gbbhd L 5iz, KD Co-
Fe-Ti-O 520D MR, (19kOe) OBRFEARIIBRIED & = A~10%ThH
ofe. Ak, TREAEARIT ORI L ONERRICEE T IUE, &
DIZFHEDM LA S B,

5. £&&

(1) O, ZFHRER LiehbeREBRT BRISHEE R L
Y, GMR ZF5(Co, Fe)M-O M = Ti, Nd, Al Si) &
% 90 nm/min &) BE ORI 5 - L3 T MR i
IETiRTY ~10%, NdFRT6~ 8%, AlHT4 ~ 8%,
Si%T2 ~6%Thotz. ZOENIEEL LTHEORML
MOHFERDOBNIER T DL EZ BN,

@ FRTHELNBL, KRS ERS I RET S
LBHEBRIZ L 7 4 v PEEB Z L REHETHY, Fi-
MR DREGHIEIAET HNIMIMP?Z, L TR EH L.
727ZL, 81 %R T Ino VM EVIEAITR S i Lo Te,
—ELRVEETE, MR OFEBREHROIZ S A58 < aFn2
DI EFDFRD STz

@ FRNBHEOWRIFNOEFD B OKXSDEILLY,
b FNRDBETFOIREMELOBESRES D L £

293

NI | -El ectronic Library Service



The Magnetics Society of Japan

b5, FLTED B IIEHRFOHETRNF—ITL >
TRESN, FHUTER, FRBOTFER LRI
THEEZXONS.

@ FHETRSTRCOBEOBIZRNT, MR, (H = «)
ITEERIR OB L L HICBBIC LR TS, BT, I
BH~2 nm D CoTi-O B, Fe-Ti-O Bk LU Co-Nd-O X
O MR(H= oNIFRIZHID DT, ~15 %iZb225T
LA OLME ot ZONRKERMEICRBDE, Zh
LOFTIINEORFERNHBHIREZ VDT, R/
L THEEBTRAX—ANELLMAbh, HRTIIETF
DTHRRIRE D/ N EVRI T2 H OBET 52 L3 TES.
BN T B L~ ORI IAR—RERL, b
VRNEFN=T ) o RETAEEMET T ORR, b
VRNVEBFOAEVEERPE T 570 LHEESND.

M o

XPS EBCIIBLLRFE T ER ER T OF R E
HAEEXE L. IR0 RELET.

X ®

1) Y. Goldstein and J. I. Gittlemann: Solid State Commun., 9, 1197
(1971).

2) H. Fujimori, S. Mitani, and S. Ohnuma: Mater: Sci. Eng., B31, 219
(1995).

3)J. S. Helman and B. Abeles: Phys. Rev: Lett., 37, 1429 (1976).

4) J. Inoue and S. Maekawa: Phys. Rev., B53, R11927 (1996).

5) S. Mitani, H. Fujimori, and S. Ohnuma: J. Magn. Magn. Mater., 165,
141 (1997).

6) A. Milner, A. Gerber, B. Groismann, M. Karpovsky, and A. Gladkikh:
Phys. Rev. Lett., 76, 476 (1996).

7) S. Barzilai, Y. Goldstein, and S. Bozowski: Phys. Rev., B23, 1809
(1981).

294

8)Y. Takeno and Y. Shimada: Jpn. J. Appl Phys., 41, 1347 (2002).
9) T &, =own), BALE BT BRI
2§ 22, 577 (1998).

10) J. Shi, K. Pettit, E. Kita, S.S.P. Parkin, R. Nakatani, and M. B.
Salamon: Phys. Rev., B54, 15273 (1996).

11) S. Takahashi and S. Maekawa: Phys. Rev Lett., 80, 1758 (1998).

12) REFEHE, BE & AANCHABESFSEE 24, 683 (2000).

13) Y. Abe and T. Fukuda: J/pn. J. Appl Phys., 32,. L1167 (1993).

14) P. Alexandrov, J. Koprinarova, and D. Todorov: Vacuum, 47, 1333
(1996).

15) V. 8. Dharmadhikari and A. Goswami: Thin Solid Films, 87, 119
(1982).

16) S. W. Lim, Y. Shimogaki, Y. Nakano, and K. Tada: Jpn. J. Appl.
Phys, 35, 1468 (1996).

17) P. Pande, V. K. R. Nair, and D. Gutierrez: J. Appl. Phys., 64, 5436
(1983).

18) T Furubayashi and I.. Nakatani: J. Appl. Phys., 79, 6258 (1996).

19) J. Soulen Jr., J. M.Byers, M. S. Osofsky, B. Nadgorny, T. Ambrose, S.
F. Cheng, P. R. Broussard, C. T. Tanaka, J. Nowak, J. S. Moodera, A.
Barry, and J. M. D. Coey: SCIENCE, 282, 85 (1998).

20) M. Ohnuma, K. Hono, H. Onodera, S. Ohnuma, H. Fujimori, and J.
S. Pedersen: J. Appl. Phys., 87, 817 (2000).

21) FIZITE. a2 B Ad— RTPHEY 1 pd63 GRRNE,
B, 1966).

22) J. S. Moodera, L. R. Kinder, T. M. Wong, and R. Meservey: Phys.
Rev: Lett,, 74, 3273 (1995).

23) G. Shirane, V. J. Minkiewicz, and R. Nathans: J. Appl. Phys., 39,
383 (1968).

24) S. Honda, T. Okada, and M. Nawate: Phys. Rev., B66, 14566 (1997).

25) M. M.. P. Jansen: J, Appl, Phys, 41, 399 (1970).

26) M. Ohnuma, K. Hono, E. Abe, H. Onodera, S. Mitani, and H.

Fujimori: J. Appl. Phys, 82, 5646 (1997).

27) /KEER, KREGEL, WA i, R AACAREES

2K 25, 779 (2001).

20024F 10 A 4 A3, 20034 1 A 17 A&

AAGHAMSSESTE Vol 27, No. 4, 2003

NI | -El ectronic Library Service



