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The transverse magnetoresistance of the purest ruthenium single crystal presently
available was measured at T =4.2° K in magnetic fields up to 100 kOe. Magnetic-
breakdown oscillations of the resistance were observed for the first time in a
nonferromagnetic transition metal.

PACS numbers: 72.15.Gd

The results of investigations of the de Haas—van Alphen effect'!? and of the
galvanomagnetic properties of ruthenium®=4] have shown that the Fermi sur-~
face of this transition is such that magnetic breakdown is possible. It was
established that a “neck-lens” magnetic breakdown between a multiply con-
nected hole surface and a closed hole sheet (“lens”), centered at the L point
of the Brillouin zone, leads to singularities of the magnetoresistance and to
strong deviations from Kohler’s rule. Direct proof of magnetic breakdown in
ruthenium would be observation of the magnetoresistance oscillations at mag-
netic-field directions such that the magnetic breakdown transforms closed
trajectoriés into open ones, i.e., the situation theoretically considered in'%
is realized. The present paper is devoted to searches for magnetic-breakdown
oscillations in ruthenium.
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FIG. 1. Anisotropy of the
magnetoresistance of
ruthenium: §10001); T
=4, 2°K; H=90 kOe,
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FIG, 2. Field dependen-
ces of the magnhetoresis-
tance of ruthenium: T
=4,2°K; 1-HIK1010),
2—HI{1210).

We measured the transverse magnetoresistance Ap/p of single~-crystal
samples measuring 0.5x0.5x10 mm and having a ratio psgqex/p4,20x = 2000 in
fields up to 100 kOe at T=4, 2°K. The results of the measurement of the mag-
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FIG. 3. Intersection of multiply-connected hole sheet and lens with the plane
LMML,
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netoresistance anisotropy of the samples with electric-current j oriented along
the {0001) axis are shown in Fig. 1. In contrast to_earlier studies,!=*] sharp
and deep minima of Ap/p were observed at HIl {(1210), pointing to the existence
of open trajectories in the basal plane and perpendicular to j. This is also
confirmed by the field dependences of Ap/p, which exhibit a tendency to satura-
tion at HII {1210) (Fig. 2). According to the model of the Fermi surface of
ruthenium, 7 no open trajectories can occur in the basal plane at HIl {1210)
because of the presence of “necks” on the multiply-connected hole surface
along the line ML (Fig. 3}, and the closed trajectories are transformed into
open ones only because of the magnetic breakdown.,

The strongest proof of magnetic breakdown, however, is the oscillating
character of Ap/p (H) precisely in the directions of the minima of the rotation
diagram (Fig. 2). The magnetoresistance-oscillation frequency (4.2 x10° Oe)
agrees well with the frequency (4.0%10° Oe) measured in the de Haas-van
Alphen effect and corresponds to the area of the extremal intersection of the
lens with the plane LMML (HII{T210)), 7 The agreement between the oscilla-
tion frequencies proves that the layer of open trajectories in the basal plane
passes through the lens.

Thus, the sharp minima in the magnetoresistance anisotropy, the oscillatory
character of the field dependence of the magnetoresistance, and the value of the
oscillation frequency offer convincing evidence that a “neck-lens” magnetic
breakdown takes place in ruthenium. We note in conclusion that insofar as we
know ruthenium is the first nonferromagnetic transition metal in which mag-
netic-breakdown oscillations of resistance have been observed,
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