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Introduction

Atomic layer grown on semiconductor surface attracts much attention, since they exhibits
characteristic electronic and spintronic properties.

Various phases and physical properties are obtainable with the combination of layer atoms and
substrates. In contrast to an understanding of the occupied electronic states, the reports for
electronic states in the unoccupied state which associated with their properties such as the
electron transport phenomena are very few to date.

In this work, we have performed ARPES and AR2PPE study of Ge(111)-Biv" 3 X4/ 3 surface. From
the results of detailed analysis, the electronic dispersions in the vicinity of Fermi-level were
elucidated.

Experiments

- Angle-resolved photoemission with synchrotron radiation
Excitation energy : 21eV, Temperature: 35K

- Angle-resolved two-photon photoemission

Excitation source : Ti:sapphire laser (Chameleon, COHERENT Co.)
Excitation energy : 3.96 - 443 eV(THG), Repetation rate: 80 MHz,
Intensity: ~ 0.15 nJ, Temperature: 35K

- All the elxperiments were carried at Saga university beamline in
SAGA-LS

Saga University Beamline

OSynchrotron radiation (undulator BL and bending magnet BL ) -
QOTi:Sapphire laser system : unoccupied state investigation and
excited-electron dynamics with time-resolved measurement
ODeflector equipped electron analyzer

Evaluation by 1 degree step lattice and e-beam.
- EPass 20 slit 0.2mm L4Ang0d8 (+15deg)

Two-photon photoemission process in AR2PPE

Occupied states derived features: follows 2 Ahy
E=hvy+hvi-O, Eo=hvy+hv)-O
AE=E-Ep=2hvi-2hv, = AE=2Ahy
Unoccupied states derived features: follows Ahy
By =hvi-®, E’ =hvy-©

AFK=F" Fo' =hv;-hv, > AFk=Ahv

Kinetic Energy

Vacuum ovel
Unoceupied Based on the energy conservation rule in the photo
exicitaion process, the origins of the obtained dispersions

Occupied . ) -
and their energies from Fermi-level are specified.

ARPES spectra with synchrotron radiation
Ge-Biv 3x/ 3 Ge(111)-c2x8
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Energy dependence of ARPES specta measured with synchrotron radiation reveals the origins of
spectral features. Features S1-53 are located in the same energy for different excitation energy
excitation, and attributed to surface states Additional features observed only for ARPES spectrum
of Ge-Biv 3xv 3 were assigned as the surface states derived from Bi.

AR2PPE spectra

Ge-Biv 3x/ 3 Ge(111)-c2x8

Peak Aand A" : with the slopes of 2

[ . Energies with respect to Fermi-level
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- - fFE S are consistent with the energies for
S1and S2 those obtained by ARPES.
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These peaks were found in AR2PPE
both spectra for Ge-Biv 3xy/ 3 and
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Peak D and E: with the slopes of 1
o
Vot it Peaks were not observed in the
e Sar of Usl 1| el
Sy S ol M o o AR2PPE spectra for Ge (111) -c2x8.
Assigned as the unoccupied
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surface-states derived from Bi layer.
Peak B and F : slopes are not integer

These peaks were found in AR2PPE both spectra for Ge-Biy 3xy/ 3 layer and Ge.
The band dispersion perpendicular to surface direction based on the previously reported
calculation, these peaks are assined as the optical transition in bulk-bands of Ge

Conclusion

Electronic dispersions above and below Fermi-level for Biv/ 3xy/ 3 layer on Ge(111)-c2x8 were
investigated with AR2PPE spectroscopy.

Obtained excitation-energy-dependence of AR2PPE spectra were elucidated based on the energy
conservation in the two-photon photo excitation process.

Observed spectral features were assigned as the transition between bulk band, occupied-, and
unoccupied-electronic dispersion.
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