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Magnetoresistance for the ferromagnetic tunnel junction with an amorphous
semiconducting barrier
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Considering the influences of the phonons and localized defect states in the amorphous-semiconducting
barrier of a ferromagnetic tunnel junction, we have developed a tunneling theory of the interlayer exchange
coupling for such a heterostructure. In this paper, we will extend our previous works to study the magneto-
conductance of the junction. It is found that the magnetoconductance difference between the parallel and
antiparallel spin arrangements of the electrodes can oscillate with the increase of the barrier thickness and can
be enhanced by the elevation of temperature, which arise physically from the spin-flip scattering of the
tunneling electrons with the localized defect states in the amorphous barrier and the interaction of the tunneling
electrons with the phonons, respectively. We believe that this theoretical prediction could be observed in future
experiments.
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The magnetoresistancéMR) in ferromagnetic tunnel Gp—Gp
junctions, first observed more than two decades dgoas JI=—0G 1)
become of fundamental interest recently because it is poten- P
tially applicable to magnetic sensors and memory devices. Gp—Gp
Among various junctions, the one with an amorphous- T= G (3]

semiconducting barri&f*! distinguishes itself from the oth-

ers by the well-known fact that there exists, as a charactewhereGp andG, are the conductances with the magnetiza-
istic, a large number of disordered localized states in arions of the two ferromagnetic electrodes parallel and anti-
amorphous semiconductor. To understand the properties gfrallel, respectively. From the two definitions of Eqs)

this kind of junction theoretically, it is important to take into and (2), one sees that the difference between the conduc-
account the influence of these localized states. Following thitances of parallel and antiparallel configurations plays the
idea, we have developed a tunneling theory for the exchangeentral role in the study of the MR,

coupling between two ferromagnets separated by an AG=Go-G 3)
amorphous-semiconducting barrfét® Within the frame- P PA

work of this theory, there exist direct non-spin-flip tunneling, the Gp or G, used just as a comparison factor. For this
assisted spin-flip tunneling, and assisted non-spin-flip tunnekeason, we would rather studyG than the JMR or TMR in
ing, that are in favor of long-range ferromagnetic coupling,this paper, and from now on we shall calAG
middle-range antiferromagnetic coupling, and short-rangenagnetoconductance-difference for convenience.
ferromagnetic coupling, respectively. Here, the two assisted According to Ref. 12, the Hamiltonian of the system con-
tunnelings arise from the scattering between the tunnelingidered can be derived from
electrons and the disordered localized states in the amor-

phous barrier when the electrons tunnel through the barrier. H:f dra,b"(r)[ _ iV2+u(r)
The interlayer exchange coupling will oscillate from a ferro- 2m
magnetic type to an antiferromagnetic one and back to a 1

ferromagnetic one with the increase of the barrier thickness + _J f drodrogt(r) ¢l (ry)v(ry—=r) e(ry) w(ry),
if the spin-flip tunneling is strong enough. Otherwise, the 2

coupling is always ferromagnetic. At finite temperatures, af- (4)

ter incorporating the effect of phonons into this theory, the

interlayer exchange coupling becomes heat activléted.Wherem represents the electron maas(r_) the s_mgle—
Those results are in good agreement with theelectron potentialp(r;—r,) the Coulomb interaction be-

experimenté-11 It thus encourages us to study the effect oftween two electrons, angs(r) the electron-field operator

the localized states on the MR occurring in the ferromagnetié"’h'Ch can be represented by
tunnel junction with an amorphous-semiconducting barrier in
this paper, although there have been no experimental reports P(r)=>, dk,0¢|k(r)77,,+2 fq.0®rq(r) 74
on this point as yet, to our knowledge. ko Ed
Magnetoresistance is a relative change in a junction con-
ductance with respect to the change of mutual orientation of + 2 Ci W(r—R)7,, (5
spins from parallel to antiparallel, it has two definitions in he
the literature** the Jullige’s tunnel-junction magnetoresis- where 7, denotes the spin wave functios,(r), Orq(r),
tance(JMR) and the tunnel magnetoresistan@&R), andw(r—R;) are the wave functions of the left electrode,

()
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right electrode, and the localized defect states in the amor-

phous barrier, respectively, amfj ,, f,,, andc; , are the 25 2 2 Vo [T| K, qu Ta'v
corresponding annihilation operators. Ka o
At finite temperatures, one should consider the effect of X U g)dkvgfq’SDp’)\jL H.cl, (15)

phonons on the electronic states, which can be incorporated
by the single-electron potential(r), and the localized states
in the amorphous barriew(r —R;),

u(r)=>, Wr—R)=>, Wr—R®—x), (6) ka

6
X[TPap

U,s(0)df fqDpr+H.Cl,  (16)
w(r =R =w(r =R{%=x)), @) where, according to Ref. 13, we only retail to Hg. Here,
whereV(r —R,) represents the contribution tgr) from the ~ Ho represents the energies of the electrons on the left and
ith atom, R(®) denotes the equilibrium position of tri¢h right ferromagnetic(FM) electrodes and the energy of the
atom, x; the deviation of théth atom from its equilibrium free phonons, the two FM electrodes have the magnetic
position, ‘,jdei:Ri(O)JFXi the instantaneous position of the quantization axis of itself, and differ from each other by an
ith atom. Obviouslyx, describes the vibration of thith anglea H to Hg represent the tunneling Ham|lton|ans, and

atom, in the continuum limit, it can be represented by pho- T Tgr Tikar Tidp: Tiiap, and Ty, are the
non operators as follows: corresponding tunneling matrixésthe 7 is the Pauli matrix
vector, andU () =exp(r,6). If the effect of the phonons is
neglected, we havel=Hy+H;+H,+Hj. It describes the
ep eip-RY ()  Zero-temperature case considered in Ref. 12 whireep-
\/Zprp N ’ resents direct non-spin-flip tunneling, the spin-flip tunnel-
ing assisted by the localized states in the barrier, ldpdhe
where &, stands for the polarization vectop, the mass 51 spin-flip tunneling assisted by the localized states in the
density of the systemy the volume,w;,, the phonon fre-  parier with the effects of the localized states being renor-
quency, and; ,=a,,,+a’, ,, with a;, being the phonon  ajizeq and incorporated into the tunneling maff{s), ,.*?
annihilation operator. Expanding(r) andw(r —R;) to the  pye o the cooperation and competition amahg Ha, and
linear term ofD,,, and substituting Eq$5)—(8) into Eq.(4), . the interlayer exchange coupling will oscillate with the
we obtain the working Hamiltonian, increasing of the barrier thickness if the assisted spin-flip
tunnelingH, is strong enoughd,, Hs, andHg are, respec-
H=Hy+H'=Hy+H;+H,+H3+H,+Hs+Hg, (9 tively, the phonon modifications tbl,, H,, andH3. They
describe phonon-assisted tunnelings that have no influence at
zero temperature, and thus can be omitted in the zero-
temperature case After incorporating the phonon modifica-
tions into the exchange coupling, the exchange coupling ex-
HO:% Ek,adlt,adk,oﬁL% gq,sfg,sfq,s hibits a heat-activated behavior at finite temperattites.
' ' Therefore, the combination of the localized states and
phonons can result in both the oscillation and heat activation
10 ofthe interlayer exchange coupling. In the following, we will
show that such a combination can also lead to the oscillation
and heat-activation of the magnetoconductance-difference.
With the Hamiltonian of Eq(9), the tunneling currenk

with

+ 2 (l)py)\
p.A

T Z
ap'}\apy)\‘i' 2 y

(1)
k. 58 [Meales( ) dofastHel, 1D can be expressed ‘as®
) > D TR S 7, U.e(O)d] ot Hel, = —e(1M(D), a7
.q o,v,s |
(12
H
(t): N L(), (18)
> 3 3 (TUn(0d] fostHel, (3

where— e denotes the electron chardé'!(t)) is the thermal
H
o IT® U (6)d! +Hcl, average of the operatdf(t) . andN['(t) represents the _total
@pAl ThigpU s )k oTa 5D ! number of the electrons in the left electrode within the
(14 Heisenberg picture:

kg os pA
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NP (t)=eHt. N -e M, (19
N =2 df ,d.,. (20
K,o ’ '

Equation(18) indicates that"(t) can be given by the equa-
tion of motion of N{'(t):

|H(t): _i[NE(t),HH(t)]: —ieth'[NL ,H/].efth'

21

For the Hamiltonian of Eq(9), we will treatH’ as a pertur-
bation toH,. Therefore, the tunneling currehtan be given
by the linear response thedr;'’

I=—ejj:d(t—t')<<|(t)|H'(t')»- (22

where ((A(t)|B(t"))) represents the retarded Green’s func-

tion (GF) of A(t) andB(t'), and A(t) and B(t") are the

operators within the interaction picture instead of the Heisen

berg picture:

I(t)=—ie™o.[N_,H']-e Ho!, (23
Hl(t,):eiHot/° H/_e—iHot'
=Hq(t")+Hy(t")+Hg(t")
+H,(t)+Hg(t")+Hg(t"). (24

SubstitutingN, of Eq. (20) andH' of Eq. (9) into Eq.(23),
we find

() =11(t) +1o(t) +15(t) +14(t) +15(t) +16(1), (29

13(t)= —ig ZS [TRU,s(0)df (D5 —H.cl,
o (26)

lo(t)=—i

£ EI [Tl(,zk),qs : ;U'UU US( 0)

o)

o,v,S

Xdf (D)fqs(t)—H.cl, (27)

la(t)= i 2 [Ty Uas(0)d (D) —H.cl,

kg o,s i #] ( )
28
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|4(t>:—ik2q > % Vo[ TE U os(0)

Xd} (Dfqs(HDp (D) —H.Cl, (29)
|5<t>=—ik2q 2 Zi g Vo [ T8 40S " Tou
XU ,o()df (D fs()Dpa(D—H.c], (30
ls(=-12 2 Zj > Vo [ Ty qpUos(0)
xdf ,()fqs(HDpa(t)—H.cl, (31)
where 14(t), ... , lg(t) arise from the contributions of

H,, ... Hg, respectively. With Eq(24) and Eq.(25), the
Green’s function{(I (t)|H’(t"))) can be represented by the
following four GFs:

(ORI =D+ 13(D[H (1) +Ha(t")))
({12 [H(t)))+((1a(t) +16()[Ha(t")

FHe(t))+(Is(D)[Hs(t))), (32

the other GFs, such agl(t)|H,(t"))), being all of zero.
Equations(11)—(16) and (26)—(31) indicate that the four
Green'’s functions on the right-hand side of E8R) describe

the non-spin-flip, spin-flip, phonon-assisted non-spin-flip,
and phonon-assisted spin-flip tunneling processes, respec-
tively. The non-spin-flip  GF ((I(t)+15(t)|H(t")
+Hs3(t"))) can be obtained as in the Refs. 15,16, and the
phonon-assisted non-spin-flip  GR{I4(t) + 1g(t)|H4(t")
+Hg(t"))) as in the Ref. 16. As for the two spin-flip GFs
{I,(t)[Hy(t"))) and ({Is(t)|Hs(t"))), the factorization
(S'S!)=6i,6¢\(S-S)I3= 6 j6xy1/4 (S=1/2) is adopted
where the correlation between different sites has been ne-
glected, and the polarization effect of the barrier by the mag-
netic electrodes has also been omitted because thes-Mo
bauer spectroscopy indicates that the barrier is
nonmagnetict After this factorization{(I,(t)|H,(t"))) and
{{I5(t)|Hs5(t"))) can be obtained by the procedures as for
(1) +15(0)[H(t") +Ha(t"))) and ((14(t)+16(t)[Ha(t")
+Hg(t'))), respectively. Substituting the four GFs into Eq.
(32) and then into Eq(22), we arrive finally at
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| = E © o0 (K,w130,02) +CO0) X 00" Dy i (K,w130,2)

0'0'

ij.k,q

2 (+edw, (+2dw
(1) (3) 1 2
Tk,quiE’j T f

e 2 ) 27

E (I)O'O' (k w1,0, (1)2)

O'U'

+o( =d
X[f(w1) = f(wy)]6(w— wq— eV)+7TeE 2 |T|(2k)q Jw%,f 2a7)7'2

4)

1 !
——cosw)Z o' @, ,(K,w;0,0,) Kap

g, (J'

[f(w1)—F(0)]8(w— 01— e\/>+wek2 2 wp| T

2 (+>dw, (+*dw, [(+*dw

(6) et -2 -3

+|EJ T"kqp f—oc ZW_[_W 27 ) 27
XA (p,ws) E <1>w(kw1,qw2>+cos<a>2 oo <I>w<kwl,qwzﬂ[f(wzws)—f(wl)]

+wdw1 +wdw2 Jrood(1)3
X[b(wg) = () ]8(wrt wa—wrteV)+med 2 wp) 2 |T.‘5k>qpl2f_ gf

o 2T ) 27T

(T(T 0'0'

1
><A8><p.w3>{4 2 Dy (kw1002 ~ 7€080) 2 00" @y i (K,w1G, w»][f(wzmg)—f(wl)]

X[b(w3) —f(wy)]6(wy+ wz— w;+€V), (33

whereV is the bias voltagef,(w) andb(w) denote the Fermi (1) +2dw; [+*dw,
and Bose distribution functions respectively, and |—47Tez Tk f_ Ef_ 5 Adk 01) Ai(q ;)
AP(p,w)=-2 IM((D_ D! )oviot, (34) X[f(w1)— f(w2)](wy— wy—eV), (41)

; » where Ay(k,w)=A(k,w)=A§ 7 (k,w), and A;(q,w,)
D, 0 (K,w1;0,02) = AT (K,w) A (G 02), (85 = Ak w= A7) (k,w). If H'=H,, and the electrodes
with are nonmagnetic, Eq.33) reduces to the usual result for
phonon-assisted tunneling curréfit:

AL (K 0)= =2 Im{(dy o|dE Nesio (36) redwy [+=dw,
|=477€k2 2 wp’)\lT(kA}()]‘ij EJ ﬁ
Af(q.w)==2Im(fq,lfq Nosion (37 a e R
where((A|B)), represents the retarded Green’s functioiof % JM%A(D”(p,wg)Ad(k,wl)Af(q,wz)
andB on the complex plane, —w 27T
) 1 X[f(wa+ w3) = f(wy)][b(w3) — f(wy)]
<<dk,0'|dk,a>)Z:Z_Ek'0' (38) ><5(w2+ wg_w1+e\/)- (42)
The combined influence dfl{, . .. ,Hg makes the tunneling
(f |fT )),= , (39) current somewhat complicated since it includes now four
GTRTE 7L terms, as indicated in E¢.33). Physically, they represent the
contributions from the non-spin-flip, spin-flip, phonon-
T 1 N 1 40 assisted non-spin-flip, and phonon-assisted spin-flip tunnel-
( p,)\| p,)\>)z_z—w Z+ w. (40) ing processes, respectively. For simplicity, we assume here-
P P X
. . after that the two ferromagnetic electrodes are made of the
which are obtained from the, of Eq. (9). same material.
If there exists only the direct tunneling, i.é, =H,, and According to Ref. 12, the six tunneling matrices can be

the electrodes are non-magnetic, E§3) reduces to the approximated as
well-known result of the direct tunneling current between @) o
two normal metal$>*® A =T q=Ace ", (43

195316-4
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, @) (2 2o (s experiment$ ! is far lower than the Fermi temperature of
|B(1)] ZEi | Ti ol *=Boe ", (44 the electron gases in the two electrodébp)=(— w),
whered(w) denotes the step function. Thus, we obtain

2 T, q=Coe™ ", (45) ,
@ o I = el | |A(t)+C(t)[*+ Z|B(t)|2)2 9+(0)9,/(0)
A1) =T =Ae", (46) 0.0
' 2_p2g(at )t +cog ) |A(t)+C(t)|2—E|B(t)|2 2 00'9,(0)
[B/(0]*=2 [T g,l*=Ble™@, @7 4 =, 779
Xg,(0)|-eV+me <|A’(t)+C’(t)|2+ §|B’(t)|2)
2 T qp=Cie ", (48) 7 4
whereA,, By, Co, A1, By, andC, are constants, and the % 0)q...(0)+cog @ ( Al () +C'(1)|2
and« stand for the decay factor of the wave functigp(r) UE,, 95(0)9,(0)+cod )} |A'() ®|

in the barrier region and the localization coefficient of the 1
localized statev(r —R;), respectively. Here, as a preliminary _TIR()]2 /
approximation, the Bloch wave functios, (r) is treated 4|B o )2 77'90(0)9,(0)
within the free-electron model, which results in a single-
decay ratex. To improve this approximation, one should
take into account the influence of the lateral symni&ton
éi(r) by the layer KKR (Korringa-Kohn-Rostoker ap-
proach, which is a generalization to the free-electron model (50
for the calculating of the tunneling conductance, and can be
applied to real materiafs. I . . .
By using the approximations of Eq&}3)—(49), Eq. (33) The derivative ofl with respect toV gives the tunneling

X g w28V wp)) +(eV—w,)) H(eV—w,))].

can be simplified as follows: conductances,
3
| =me (|A(t)+C(t)|2+?—1|B(t)|2) > 9,(0)g,(0) G(0)=we2[gT(0)+g¢(0)]2[(IA(t)+C(t)|2+ ZIB(t)IZ)
1
+cog 6) (lA(t)+C t)| ——|B(t)|2>2 oa'g,(0) +Cow)(|A(t)+C(t)|z_Z|B(t)|2)P2]
+me?[g,(0)+g,(0)]?
Xgo.r(O):|J:dwz[f(wz_e\/)_f((x)z)]‘l"ﬂe <|A'(t) X{ |A'(t)+C’(t)|2+§|B’(t)|2)
1
+CI(O[2+ f;lB'(t)lz) S 9,(0)g,/(0)+cog 6) +°°i9>(|‘\'<‘>+c'“>|z‘ Z'B'“”Z) PZ]
<[ 1A+ ez 5 1B (t)|2>2 7' 9,(0)g, <o>} X g nal2B(upa) + B(EV= 0] 5D
too where
X% wp')\J:oo dw{[f(wt wp ) —f(w+ wp \+eV)]
X[b(wp) = F(@2)] = [F(wz = wp)) _910-6,(0) (52

g,(0)+g,(0)
—floz—wprteV)][b(—wy,) —f(w2)]}, (49)
where, as usual, we have taken the approximationtepresents the spin polarization of the DOS in the ferromag-
A(")(k w)l27=9,(0) with g,(0) being the density of net. Usually, the bias voltagéis very small when compared

states(DOS) of the electrons with spio- at the Fermi level. with the Debye frequencwp, i.e.,eV<fwp, this means
Considering the fact that the measured temperature in thimat the tunneling conductance can be approximated as
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magnetic field. As shown by Eq¢l) and (2), it is directly
proportional to the JMR or TMR, namely, the larger th&,
1 the higher the JMR or TMR. In a word, it reflects physically
+cog 9)(|A(t)+C(t)|2— Z|B(t)|2> PZ} the intrinsic properties of the JMR or TMR of a magnetic
tunnel junction.
At zero temperature, Eq59) becomes

3 parallel to mutual antiparallel under the drive of an external
G(0)=we2[g¢(0)+gl(0)]2[ ( [A(D)+C(H)[*+ 2/BM 2)

T\4
+8we2[gT<0>+gl(0>]Z(5)

AG=2me?g;(0)+g,(0)]?
XD

0 A ~ 2 3 B’ 2
= A O+C O+ Z[B'(1)] 1
X IA(t)JrC(t)IZ—ZIB(t)I2 P2, (60)
~ ~ 1.

+C°$9)(|A,(t)+cl(t)|2_Z|B’(t)|2>P2]’ (53 Just as the interlayer exchange coupling for the zero
temperaturé? there are two competing contributions to the
magnetoconductance-difference: the term proportional to
o 5 |A(t)+C(t)|? and the term proportional tB(t)|2. Physi-
D(9)=j /de X (54) cally, the former comes from the non-spin-flip tunneling pro-

T 0 e*—1 duced by the Hamiltoniand,; andH3, and it yields a posi-
tive contribution; the latter comes from the spin-flip
tunneling produced by the Hamiltoniahk, , and it yields a
negative  contribution. The net value of the

where® = wp /kg is the Debye temperature,

the Debye function, and

A'(1)= JINwp/8A' (1) =Ase ", (59 magnetoconductance-difference is determined by the compe-
- _ tition between the non-spin-flip tunneling and spin-flip tun-
B'(t)=VINwp/8B' (t)=B,e~ (*79"? (56)  neling: in the region where the non-spin-flip tunneling domi-
nates, i.e.|A(t) + C(t)|2>|B(t)|?/4, the net value oAG is
C'(t)=9Nwp/8C'(t)=C e . (57)  positive; in the region where the spin-flip tunneling domi-
nates, i.e.|A(t) + C(t)|><|B(t)|?/4, the net value oAG is
If only the direct tunneling ternt, is considered irH’,  negative. As pointed out in Ref. 12> « for a-Si anda-Ge,
Eq. (53) reduces simply to Jullie’s result: Eqs.(43)—(45) show thatC(t) attenuates more quickly than
B(t) , and B(t) attenuates more quickly thafa(t), as a
_ 2p? result, if B(t) is large enough, there will appear a negative
J= 1+ P2’ (58) region in the middle range of the barrier thickness, with the

positive regions occupying the two sides of it. In other
If we consider further the contributions from the terms ofwords, the magnetoconductance-difference will oscillate
H,, ... Hg, i.e., if the effects of the phonons and localized
states in the amorphous barrier on the tunneling processes 0.2 T—
are incorporated, the magnetoconductance is seriously modi-
fied, as indicated in Eq53). As will be shown below, this I a: T/0=0.0
modification will lead to two new features of the b: T/©=0.5
magnetoconductance-difference: the oscillation with the in- 01r c: T/O=1.0
creasing barrier thickness and the enhancement with the el-
evating temperature.

According to the definition of Eq(3), we can obtain the

magnetoconductance-differendeG from Eq. (53) as fol-
lows:

0.0 il

AG/A

AG=Gp—Gp=G(0)—~G(m) o1 1

=27Te2[9T(0)+9¢(0)]2{ ( [A() +C(1)]?

Lo TV (O, R B
_Z|B(t)| )+8<6) D<?><|A (H+C'(v)] t(nm)

FIG. 1. The magnetoconductance-difference vs the barrier thick-
P2. (59 ness for different temperatures. HereA=2me?g;(0)
+9,(0)1?A3P?, k=2 nm, a 1=0.8 nm, By/Ay=7.2, Co/A,
It describes the varying rate of the tunneling conductance as 3.0, A;/A,=0.5, B;/A,=3.6, and C;/A,=1.5, and T/0
the magnetizations of the two electrodes change from mutuat 0.0, 0.5, and 1.0 for curves b, andc, respectively.

1.
_ 1R 2
7/B' (V)]
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from positive to negative and back to positive values withincreases monotonically with the temperatdreThat is to
the increase of the barrier thickness at zero temperature if theay, the magnetoconductance-difference is heat activated at
spin-flip tunneling is strong enough. For the exchange coufinite temperatures. Reference 13 demonstrates that this
pling, this competition causes it to oscillate with the barrierphonon-assisted tunneling also accounts for the heat-
thickness tod? Therefore, the mechanism responsible for thegctivation behavior of the interlayer exchange coupling at
oscillation of the exchange coupling is also responsible fofinjte temperatures, which means that the mechanism for the
the oscillation of the magnetoconductance-difference.  peat activation of the magnetoconductance-difference is the
At finite temperatures, Eq59) indicates that there arises same as that for the interlayer exchange coupling. These two
a new contribution to the magnetoconductance-difference: faatures of the oscillation and heat-activation of the
T\4 magnetoconductance-difference are shown clearly in Fig. 1.
167762[9T(0)+91(0)]2'(> In conclusion, by taking into account the effects of the

XD

indirect tunnelings through the phonons and the localized
o 5 B 1 _ states in the amorphous barrier, we have demonstrated that
?)- |A’(t)+C’(t)|2—Z|B’(t)|2)P2_ the magnetoconductance-difference for the tunnel junction
with an amorphous-semiconducting barrier can oscillate with
(61)  the variation of the barrier thickness, and can increase with
- . . the elevation of temperature. The mechanism for these fea-
It originates from the phonon-assisted tunneling produced b¥ - S
L : - ures is just the same as that for the oscillation and heat
the Hamiltonian# 4, Hs, andHg, and gives no contribution - . : .
-, _activation of the interlayer exchange coupling suggested in
at zero temperature. For the same reason as above, this term . k4213 \which h lained th :
will oscillate with the variation of the barrier thickness as oo Previous works,” = which have explaine the experi-
well, which can be seen directly by comparing E6&3)— mental data successfully. Thus, we believe that the oscilla-
(45),with Eqgs. (46)—(48) or E sy(553>3—(57)p Mo?e iMbor- tion and heat activation of the magnetoconductance-
=as. . as. C P difference could also be observed in future experiments.
tantly, this term will enlarge the magnitude of the
magnetoconductance-difference with the increasing of tem- This work was supported by the State Key Project of
perature because, as well-known, the faci®)*D(T/0) Fundamental Research under Grant No. 001CB610602.
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