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Single Molecular Magnetoresistance :
Spin Conductance through a Single Molecule by means of Spin-Polarized STM
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Giant magnetoresistance (GMR) through a single phthalocyanine molecule (H.Pc) was studied by means of a spin-
polarized scanning tunneling microscopy (STM) technique. Single molecular magnetic junction was fabricated by
contacting a ferromagnetic STM tip to a single molecule on nano magnets. We obtained GMR of +60% and —50%
through [Co/H:Pc/Co(111)] and [Fe/H.Pc/Mn(001)] junctions, respectively, in ultra-high vacuum at 4.6 K. Single
organic molecules can be a new material for spintronics.
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Fig. 1. (color online). Magnetoresistance (MR) sensor inside
hard disk reads magnetic directions of nano magnetis (=
stored information). The sensor consists of two nano mangets.
Magnet 1 is a fixed magnet and magnet 2 is a detecting
magnet. The detecting magnet follows stray field from nano
magnets on the hard disk. When the magnet 1 and 2 are
parallel (anti-parallel), resistance through the mag. 1/spacer/
mag. 2 junction is low (high) and the ramp is on (off). Thus,
the MR sensor can read stored information.
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Fig. 2. (color online). Magnetic imaging of spin-polarized
STM. The magnetic contrast can be proportional to an inner
product of tip ans sample spin polarization vectors.
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Fig. 3. (color online). (a) STM images of H.Pc single
molecules on Cu(111) substrate. An inset shows an atomically
resolved STM image of the single H.Pc molecule. (b) H.Pc
adsorbed on 0.2 ML Co on Cu(111). Triangulars denote
bilayer Co nano magnets.
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Fig.4. (color online). Tunneling magnetoresistance and
giant magneto-resistance measurements with STM setup.
Here, we used bilayer Co nano-islands grown on Cu(111)
substrate, in which magnetic anisotropy is perpendicular to
surface. Black and white arrows indicate magnetic moments.
Pc denotes a single phthalocyanine molecule.
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Fig. 5. (color online). STM magnetic imaging of single H,Pc
molecules deposited on Co nano-islands with a triangular
shape.
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Fig. 6. (color online). (a) An STM tip contacts to H2Pc
molecule. (b) Conductance measurements with an increase in
the offset from the original tip position. “Parallel” and
“antiparallel” indicate spin configuration between tip and Co
nano-islands. Go denotes quantum conductance of 2e*/h~1/
(12.9kQ). (c) Histogram of spin-dependent conductance
through single H.Pc molecules.
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Fig.7. (color online). (a, b) Models of cross section views of

the Fe/W-tip/H:Pc single molecule/Mn(001) film junction in
cases of (a) parallel and (b) anti-parallel couplings. (c, d) show
magnetic images of Mn(001) surfaces. Arrows indicate
magnetic domain boundaries. Small dots are H,Pc single
molecules. With an application of magnetic field we could
switch the magnetization vector of the Mn(001) film. (e)
Conductance measurements through the Fe/H.Pc/Mn (001)
junction in cases of parallel (grey line) and anti-parallel (black
line) couplings.
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