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We calculated the conductance and magnetoresistance (MR) ratio in the ferromagnetic metal/ non-magnetic
metal/ ferromagnetic insulator/ non-magnetic metal junction by using a free electron model. The spin-filter in the
ferromagnetic insulator results in the MR effect. The value of the MR ratio oscillates as the thickness of the non-
magnetic metal layer is increased. The period of the oscillation is given by the Fermi wave length of the non-magnetic
metal and therefore the oscillation is caused by the interference of the electron wave function in the non-magnetic
metal. The extremum of the MR ratio saturates as the insulator thickness is increased. This saturated value does not
depend on the material parameters of the ferromagnetic insulator if the insulator is sufficiently thick. Furthermore,
the dispersion of the MR ratio originating from the unevenness in the thickness of the non-magnetic metal layer, which

could occur during fabrication, is suppressed by using the non-magnetic metal with longer Fermi wave length.

Key words: tunnel magnetoresistance, ferromagnetic insulator, spin filter
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Fig. 1 Potential profile of the ferromagnetic metal lead (FIM)/
non-magnetic metal (NM)/ ferromagnetic insulator (FI)/
non-magnetic metal lead (NML) junction. Vim, Vam, Vi,
and WA are the potential energy at the FM, NM, FI, and
NML, respectively. The signs + and —in the subscript of Vim
(V& indicate the majority and minority spin states in FM
(FD), respectively.

v ViLE 60eV & Lz oF 0, FLfERcBNTEHA e L
BAE L DIREE Y, ThEh4.0eV & 6.0eV DRT v+ L
FEEAE U5 2 L1270 D. ZHBORT Vv UEEORITIB
TR Lo = LT o o — A TAIEIC LY
fit< Z & T, TV IMEATBIT DAL LT L OBIETR
ZEHET 5. FM 235 NM S~ AT 28Tk 0103(T) %
AE TR EOIRZ TAEWE L CRokd 5 &

o C

Asinh? (K‘Lﬂ) +B

L7, T2 T rIFFI ISR DB ORI 2% L TE Y
FIL DRT 2w VSRR AT 28, Lin 13 FL OIRE, HREL
A B C klIEBORT v VRAY Y, B, FM/NM
S COEA DN 0 TRESINLD.

NI 075 0< O< 7012 DFEFAZ 3 5T TOETATT D
RhBE LT =YorET /v E, Fiilcx U CEE(G=0IAFT5
BV DHOBEFEEBRE LT RTET NNHAL T T B A G
RSB, OFY, Ay A G EFRR TORBRIT=RKT
LTI

oy

2 s
G- % [27(O)7k* sin20d0 @)

—REET /LTI

ez
G = ZT(H =0) 3

Thb. 22Tkl FM TOAE NKAE LT 7 = i
BTHDH. &I, FM & FI O TS IP) & SO TS|
(AP) i 20 52 A Ge, Gar VT, MRE MR %

MR = (Gr — Gap)/Gr @
TIEFET D, ZOEFE Tl MR DRI 1, FMED —ol 272 5.
2FHRET NER UL, Gp L GaplTHEAE T v oDy
Ky B ADFIT Gp= Gt G—, Gar= G+—+G-+ L LR TE 5.
ZIT, Goo DIRZAT oI FM IZBIT 5 A DIREE, ol
FLIZBIFHAE L OREEZR L, TNEh+E 13- %
5.

INDEX

Fig. 2 MRas a function of Zxm obtained for the junction with
Ly of 3, 5, and 10 A in the one dimensional system. The
local maximum and minimum values of MR for L= 10 A
are denoted by solid (@, M) and open (O, [) symbols,
respectively.
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Fig. 3 Spin-resolved conductances as a function of Zxm
obtained for the junction with Zg of 10 A in the one
dimensional system. The conductances G++ and G-- in the
parallel arrangement of the magnetizations and those G+-
and G-+ in the anti-parallel arrangement are shown in (a)
and (b), respectively.
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Fig. 4 Maximum (closed circles) and minimum (open circles)
values of MR as a function of Lrrin the one dimensional
system.
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Fig. 5 MR as a function of Zxm obtained for the junctions
with Zg1 of 3, 5, and 10 A in the three dimensional system.
The local maximum and minimum values of MR for Zz =
10 A are denoted by solid (@, W) and open (O, [) symbols,
respectively.

10

0.5 — 11—

40

30
Le (A)

0 10 20 50

Fig. 6 Maximum (closed circles) and minimum (open circles)
values of MR as a function of Lrrin the three dimensional
system.
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Fig. 7 Normalized transmission coefficient 7(8)/7(0) as a
function of Gobtained for the junction with L of 5, 10, and
50 A in the three dimensional system. Here, 7'(6)/70) of
the minority spin state in the parallel arrangement is
shown.
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Fig. 8 MR as a function of the Znm in the junction with the
L of 10 A in which the Vi is set to —0.18 eV under the
three dimensional system. Inset shows the potential profiles
for this junction. The minimum value of MR (M) is
denoted by an open circle symbol.
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