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graphene/Ir(111) – (9.32 ± 0.15 x 9.32 ± 0.15) moiré structure 
– incommensurate epitaxy
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fcc region hcp region atop region

Figure 4. The superstructure unit cell is constructed by superposition of the
graphene lattice (yellow balls) onto the iridium (111) surface (gray balls). The
darker shades of gray represent the second and third layers of the iridium
substrate. In the atop regions (white arcs in the corners of the cell), an iridium
atom of the topmost layer is centered in the graphene honeycomb. The carbon
atoms cover the threefold coordinated hollow sites. In the fcc region (dashed
circle) and the hcp region (dotted circle) there are threefold coordinated hollow
sites centered under the carbon ring’s center: either an fcc site (fcc region) or an
hcp site (hcp region). Every second atom is located at the other hollow site and
every second above an iridium surface atom.

and the dark spots on the graphene layer to correspond to the center of the carbon rings, where
the electron density is lowest [24].) Prior to the magnification, the mesh given by the iridium
surface atoms of the terrace was extended to also span over the carbon covered part.

The sketch on the right helps to interpret the lines. It depicts a small part of the iridium
substrate, which is oriented in the same way as the sample. There is an upper terrace on the
left, corresponding to the uncovered iridium in figures 1(b) and 5. The lower terrace on the right
corresponds to the carbon covered part of the substrate. The carbon is not shown in the sketch,
so that the arrangement of iridium substrate atoms can be seen.

Since the crystal is fcc stacked, an intersection of the lines above the lower terrace marks
an fcc adsorption site. The lower terrace’s hcp sites are centered in triangles pointing to the left,
while atop sites are found on rightwards pointing triangles of the mesh. This way a glimpse
under the adsorbed graphene layer is possible.

Although STM distortions introduce some uncertainty, the regions where the carbon ring
centers are in a rightwards pointing triangle of iridium substrate atoms (red triangle), can be
found in or close to the dark regions of the moiré. This is the atop type configuration as marked
by solid white circles in the corners of the unit cell shown in figure 4. Accordingly, fcc (green
dots) and hcp (blue triangle) regions are located in the corresponding positions of the moiré
as expected from figure 4 (dashed and dotted circles). This way it is possible to relate the
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Co/Ir/graphene/Ir(111)-(9.32 ± 0.15 x 9.32 ± 0.15), 0.05 ML Ir @ 375 K, 0.10 ML Co @ 300 K

Ir-seeded Co Superlattices on graphene/Ir(111)



MOKE with vector field and all optics in UHV



SQUID, T = 1.7 K

powder sample of 2 % [Pc2Tb]� TBA+

in 98 % [Pc2Y]�TBA+

DC � (T ) and 1
H NMR :

Jz = ± 6

�E = 440 cm
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to Jz = ± 5

AC �00
(T ) : Tb = 40 K (1 kHz, 3.5 G),
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Phthalocyanine (Pc)-Tb – double-decker – Pc2Tb

N. Ishikawa et al. JACS 125, 8694 (2003); N. Ishikawa et al. JPCB 108, 11265 (2004).



Pc2Tb/MgO/Ag(100)

C. Wäckerlin et al., Adv. Mater. 28, 5195 (2016).STM @ 4 K, XMCD @ 3 K
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Ho/MgO/Ag(100) – Magnetic Hysteresis for Single Atom

T = 6.5 K,
field sweep µ0dH/dt = 8 mT/s, 
photon-flux = 1 x 10−2 nm−2 s−1,
QHo = 0.01 ML, QMgO = 7.0 ML

F. Donati et al. Science 352, 318 (2016).

Vt = 100 mV, It = 20 pA, T = 4.7 K,
Ho-coverage QHo = 0.005 ML

STM XMCD

Ho 4f10, J = 8, Jz = ± 4.66 with large Jz = ± 7 component



Preparation and read-out at 35 and 45 K

Vswitch = 140 mV, Vread = 50 mV
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B = 8 T up

µ0Hc > 8 T for T ≤ 35 K !

trev = 66 ± 20 s @ T = 45 K

F. D. Natterer et al. PRL 121, 027201 (2018).



Repulsion and Charge transfer for Dy/g/Ir(111)

5 nm

E d E m E q(r0) q

Dy 75 ± 5 150 ± 30 375 ± 30 0.74 ± 0.03
Sm 100 ± 5 160 ± 30 480 ± 35 0.83 ± 0.03
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M. Pivetta et al. PRB 98, 115417 (2018).



Dy/g/Ir(111) watching single atom magnets switch

5.4 x 5.8 nm2

Vt = +2 mV
It = 20 pA
TSTM = 5 K

Mn88Ni12 tip
∆z = 35 pm
z = 430 pm



TiH/MgO/Ag(100): coherent spin manipulation

K Yang et al. Science 366, 509 (2019).
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