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Tusche et al. Reply: The magnetoresistance (MR) of
planar tunnel junctions is determined essentially by prop-
erties of the interfaces. As Velev, Belashchenko, and
Tsymbal correctly point out in the preceding Comment
[1] on our Letter [2], interface resonances can lead to a
huge MR since they provide highly efficient transmission
channels in one of the magnetization configurations, typi-
cally in the parallel (P) configuration. This is nicely dem-
onstrated by the calculations reported in the Comment and
in the Refs. [3,4]. We would like to point out that the huge
tunneling magnetoresistance (TMR) found in our calcula-
tions (MR >7000%) has the same origin. Thus, we are
very pleased by the fact that these calculations fully con-
firm our results.

In our Letter we have studied how symmetric and asym-
metric interfaces between electrodes and a barrier can
affect the MR in Fe=MgO=Fe�001�. We have shown that
in the case of symmetric ideal interfaces the TMR ratio
increases continually with the number of MgO layers,
while in the asymmetric configuration it is destroyed by
the mismatch of resonant states. This effect can be clearly
seen in Fig. 1, where ~kk-resolved transmissions in the full
two-dimensional Brillouin zone (2BZ) are presented for
Fe=�MgO�4=Fe�001�. The conductance of the tunnel junc-
tion is proportional to the 2BZ integral of the transmission.

With the ideal symmetric interfaces (upper panels) the
conductance in the P configuration (panel a) is strongly
enhanced, and in the antiparallel (AP) configuration
FIG. 1 (color). Calculated ~kk-resolved transmission in the 2BZ
for symmetric Fe-FeO-MgO-FeO-Fe (upper panels) and asym-
metric Fe-MgO-FeO-Fe (lower panels) magnetic tunnel junc-
tions with four MgO layers. Panels (a) and (c), refer to the P
configuration, panels (b) and (d), to the AP configuration. Wave
vectors kx and ky are given in reciprocal lattice units.
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(panel b) it is reduced, explaining thereby the huge TMR
ratio [5]. In the case of asymmetric interfaces, the con-
ductance in the P configuration decreases dramatically
(panel c), while the conductance in the AP case (panel d)
increases, so leading to a negative TMR ratio [4]. Thus, in
the parallel configuration a huge MR occurs if interface
resonances are present at both interfaces at the same energy
and at the same wave vector. Hence, a mismatch in either
energy or wave vector destroys this ‘‘handshake’’ and can
reduce the MR considerably. Therefore, the MR typically
drops when applying a bias voltage [6,7] or upon structural
disorder, the latter introducing diffusive scattering [3,4].

That both effects reduce the MR is also shown by
calculations of Velev et al. [1]. In their calculations struc-
tural disorder is treated by introducing a uniform finite
lifetime of the scattering channels. However, the reduction
of the lifetime is expected to be strongly ~kk and energy
dependent, as is well known from electronic-structure
calculations for alloys. Nevertheless, the calculations of
Velev et al. provide a useful qualitative understanding.

For a quantitative study on how structural disorder in-
fluences the TMR amplitude, more sophisticated ways to
consider disorder have to be invoked. This is could be
achieved either by using a supercell approach or by apply-
ing the coherent potential approximation. Such calcula-
tions, although very demanding, would be very helpful,
in particular, for the case of the partially occupied FeOx
layers in Fe=MgO=Fe tunnel junctions.
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