
SPV in vicinity of an individual nanoparticle:

• SPV analysis within areas between concentric 
rings around particle.

• Enhanced SPV near particle.

• Determination of decay length possibly affected 
by spatial Ag signal leakage.
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Mapping Nanoparticle Plasmons

• Resonant excitation of localized plasmons.

• Two-photon photoemission (2PPE) due to strong near 
field [3].
→ PEEM image reflects near field distribution.

• Variation of laser wavelength yields plasmon energy 
for each individual particle [2].

left: map (25 µm) of 

plasmon resonances.

bottom right: excitation 

spectra of individual 

particles.

Virtual Plasmonic Dimers

• On a clean Si(111)-(7x7) surface two peaks per particle are 
observed!

• Comparison to extended Mie calculations: 
→ Strong effect due to image dipoles inside the substrate 
(“virtual plasmonic dipoles”) [2].

• Dielectric function of silicon peaks at plasmon energy.

• Spectral shape sensitive on changes at the cluster-surface 
interface on the atomic scale!

• Possible application: Ultrasensitive inspection of interfaces.

a) Calculated absorption spectra for three 

different effective particle-surface distances.

b) Examples for measured excitation spectra..

Surface Photovoltage (SPV)

SPV Measurements with PEEM

Nanoparticles on Molecule Aggregates

Outlook

• At a semiconductor surface electron-hole pairs are generated upon illumination.

• Schottky contact at surface → band bending → electric field → Charge separation.

• Separated charges form counteracting field → reduction of band bending.

• At high enough light intensity bands are completely flat → SPV saturation.

• SPV at surfaces comparable to an additional voltage applied to the surface.

Schematic illustration of the formation of a surface photovoltage upon increasing light intensity (from left to right).

• SPV affects the kinetic energy of emitted 
electrons.

• SPV obtained from shift of energy spectra.

• Analysis as a function of laser power and location.

• Simultaneous measurement of spatial and 
energetic photoelectron distribution with 
DLD.

SPV as a function of laser power:

• Monotonic behavior, can be fitted by 
model based on thermionic emission [4].

• Larger SPV with increasing cluster 
coverage!
→ plasmon enhanced carrier 
generation dominates over defect 
induced recombination.

Illustration of PEEM 

data structure.

Photoelectron spectra 

for two different laser 

intensities. Illumination 

with fs laser pulses at 

a wavelength of 380 

nm.

SPV as a function of laser power for three 

different particle coverages Θ = 0;
2 ⋅ 10−2 µm−2; 4 ⋅ 10−4 µm−2. Illumination 

with fs 380 nm for resonant excitation of Ag 

particle plasmon.

Illustration of concentric 

rings around a particle 

for analysis of SPV

distance dependence.

Spectral shift as a function of distance from a 

particle for two different laser powers.

• Vacuum evaporated 
tetracene on natively 
oxidized silicon (ex-
situ), subsequent 
deposition of Ag 
particles.

• Dendritic tetracene 
structures, particles 
appear bright (high 
electron yield). PEEM image (FOV: 40 µm) of Ag particles 

deposited on tetracene structures. 

• Light-controlled modification of surface potentials: light → SPV or exciton landscapes.

• Nanomanipulation for controlled light landscapes and coupling geometries.

• Transfer to ambient or liquid environments: charge transport? Screening? Absorption?
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Scheme of PEEM 

experiment: a laser 

pulse triggers 

emission of photo-

electrons which are 

detected by an 

electron microscope 

column.

PEEM image (25 µm) 

of Ag clusters on 

Silicon (Hg lamp).

Creation of nanometer-sized Schottky contacts

• Unraveling the local band topology by laser-induced surface photovoltage (SPV).

Plasmon-enhanced coupling phenomena

• Plasmon-enhanced absorption at metal nanoparticles.

• Enhanced creation rate of charge carriers in the vicinity of the particle.

Research aim

The investigation of photophysical processes of heterogeneous systems largely relies on local probing
techniques [1]. For plasmon assisted electron-hole generation a key property is the size of the region
that is affected by enhanced charge carrier density which is accessible via the local surface
photovoltage (SPV). Here, we present SPV studies of single resonantly excited Ag clusters [2] on
clean Si(100)-(2x1) measured by energy-resolved two-photon photoemission electron microscopy
(2PPE-PEEM). Analysis of the distance dependence from the particles reveals an enhanced plasmon
induced charge carrier density at the location of the nanoparticles. This observation is corroborated by
comparing spatially averaged SPV for different particle densities. We envision opportunities in the
context of plasmon enhanced solar cells, particularly regarding the choice of optimal particle
concentrations. In addition, coupling phenomena based on the enhanced near-field of metallic
nanoparticles open perspectives in heterogeneous systems, e.g. for site-specific generation of
excitons in molecular nanostructures.

• Spectrally resolved images or spatially 
resolved spectra possible.

• Comparison of intensities in a two-color experiment: 
Additional signal for those particles residing close to 
molecules [5]!

• Interpretation: Excitation of the molecules within the 
enhanced near-field of the particle plasmons. 

• Sum over (x,y):

Photoelectron spectra for two different laser excitations 

Additional photoelectron yield ∆𝑌 at two-color illumination.
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