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Transmission Coefficients for Ferromagnetic Tunnel Junctions
with Single and Double Barriers
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One-dimensional ferromagnetic tunnel junctions with
single and double barriers are studied, using the transfer
matrix method, which is extended to spin-polarized sys-
tems. We obtain an analytical expression for the transmis-
sion coefficients. For single-barrier junctions, the transmis-
sion coefficient shows a deviation from a cosine dependence
on the angle between the magnetizations. For double-
barrier junctions, resonant tunneling phenomena are in-
duced.
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Fig. 2 Potential for the ferromagnetic tunnel junc-
d1 d2 tion with a double barrier. The interfaces divide the
whole system into five regions. Regions [, III, and V
are ferromagnets, and regions II and IV are insulators.
The coordinates in regions I, III, and V are shown in
the figure. The magnetizations of regions I and V are
parallel and that of region III forms an angle 8 with

Fig. 1 Potential for the ferromagnetic tunnel junc-
tion. The coordinates in regions I and III are shown.
The coordinates have y axes with the same direction.
The magnetizations are parallel to the z- and z’-axis
in regions I and III, respectively, and form an angle 6

with each other. them.
T E
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% 6 &9 % (Fig. 2).
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R, 0 Fig. 3 Density of states of the free electrons in a
CNEBNTHEBEORHBIMMSRESI NS, DT TREHRD ferromagnet. In the free-electron approximation the
iz, 2 EORBES S FEEEES FELWE L, ot density of states is parabolic. The lines Ef and E%

correspond to the energy with a real and a purely
imaginary p, respectively.

BOES HREORS 0 2 {52 LBaREL b,
3. HERRLER .

o, x=t o=k (10)
t

3.1 EEME b RIVES ky’
ERR T 3, §ifiTH A 5N transfer matrix O HER%E TIT, p,x 0 RENTHHEBORBAR, HEEORES

P

RO THE LN BRFORK T, 2T &, BEESIOHET 5. KSR p i Fermi = 3L F — DAT
T =ky|T11P+k,IT,? (8) Bz & D EHKOZA (Fig. 3 © Ef) LHEHOBHS ((Fig. 3
EEZo05, Bt A VR OB OAS, $bb, (I, DEY) dH5, %EIFermi 22 VEF—D | REVY NV FOD
1)=01/vk;,0) OBAIE, BBEIKRTELSNS. EL /NS VBAIHEL, TOEE | AV VA SOETRIE
cos(6/2)% [ (&% +r2? BHELRV, N5 —Fxid, BEXF VY Yy W VHBKRELK
T = 3 sinh[kd]+1
|DP? { 4K’ } BLELIBKTIRTSH S, 52 —% 6 BEBEDES 1Tl
sin(6/2)% [ (k% —kA(; —k?) | ky LTV,
DI { xR “mm@+55% T, SHAHp BHEROBEAELS. COBAEAT
9) HICBVWT Y A Y Z b OEBITHOADBELT 5. Fig. 4,51
T g=ik,d=dy—d, TH 3. REES S R BG4 OBEBRGHKO 6 kEH RS, Chbo
CHERHEICHNB DT, By TRI =V LARDYS REHET 2 &, BESSIUREL CTEBROAEREENE
A=Y EEHT B, BAHEZENDNGE, BT, BEEZIBEVESICE cos 0 KkE
502 BARIGHBSFSE Vol 21, No. 4-2, 1997

NI | -El ectronic Library Service



The Magnetics Society of Japan

1 — : .
T 1 1X =1.0-
08 0.21(1+cos6)-
0.6
0.4
0.2
0 - .
0 05 1 15 2 25 3
0

Fig.4 6-Dependence of the transmission coefficient
for a higher barrier (x=1.0). The parameters are p=
0.017 and 6=1.0. A cosine function is also shown for
reference.
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Fig. 5 6-Dependence of the transmission coefficient
for a lower barrier (x=0.5). The parameters are p=
0.01 and 6=1.0. A cosine function is also shown for
reference.
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Fig. 6 6-Dependence of the transmission coefficient
for a lower barrier (x=0.1) with a real p. The parame-
ters are p=0.01 and 6=1.0.
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Fig. 7 x-Dependence of the transmission coefficient
for a double-barrier junction with a purely imaginary
p for 6=0, n/2, and n. The parameters are p=0.51,
00=2.0, and 6,=2.0.
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Fig. 8 x-Dependence of the transmission coefficient
for a double-barrier junction with a real p for =0,
z/2, and 7. The parameters are p=0.5, §,=2.0, and
6,=2.0.
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