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SECONDMENT REPORT  

 

Name/ ESR Number:  Michael Stührenberg/ ESR 1-3 

Beneficiary Institution: Chalmers University of Technology 

Secondment location: ICFO, Castelldefels, Spain 

Duration of secondment: 9 weeks (07. Nov - 23. Dec 2016 + 23. Jan – 03. Feb 2017) 

 

I. Objectives 

The objective was to work together with a local PhD student (Vikas Remesh) on 

an ongoing project in the research group of Niek van Hulst. The aim was to build 

up on the expertise of ESR 1-3 in the field of nonlinear microscopy albeit with 

very different equipment to expand his potential. ESR 1-3s capabilities at 

Chalmers were mainly focused on picosecond optics while now this has been 

increased to handling femtosecond microscopy including laser pulse 

shaping/compression. 

II. Experiments 

 

1. Laser pulse compression 

For the experiments during this secondment, a customized 85 MHz broadband 

femtosecond laser (Octavius, Menlo Systems) is used. One of the main issues with 

short pulsed lasers is dispersion. Dispersion means that light with different 

wavelengths travels at a different speed through the same media. This means 

that the pulse shape and length emitted from the laser source itself is not the 

same when reaches the sample. There are different ways to compensate for this 

effect, one being the use of a Spatial Light Modulator (SLM). The SLM consist of, 

in this case, 640 liquid crystal pixels and is placed in the Fourier plane of the light 

path (Fig. 2). Every pixel can change the phase and polarization of the light that is 

passing through it, which together with a polarizer can include amplitude tuning 

as well. This way, by applying a certain mask on the SLM, the pulse can be shaped 

nearly arbitrarily. The algorithm used for pulse compression is called Multiphoton 

Intrapulse Interference Phase Scan (MIIPS) and is based on the closed feedback 

loop from Second Harmonic Generation (SHG) of small nanoparticles (Fig. 1). The 

simple basic idea is that the SHG signal is the strongest when the laser pulse is 

Fourier Limited (FL), meaning the shortest possible pulse length. This can be 

achieved by iteratively changing the phase of the pulse until maximum signal is 

reached. 



 
Figure 1: a) First MIIPS iteration on the selected NP showing a very distorted laser 

pulse. b) Last MIIPS iteration on the selected NP corresponding to a FL laser 

pulse. c) Laser spectrum (shaded region) and spectral phase retrieved by MIIPS 

after the first (red dashed curve) and last (blue solid curve) iteration. d) SH 

spectra measured on the selected NP after different MIIPS iterations. The black 

dashed curve is a simulated SH spectrum for FL pulses. Ref[3]. 

 

 
Figure 2: Schematic of a 4-f pulse shaper. The laser spectrum is dispersed by the 

first grating and then distributed on the individual pixels of the SLM which is 

placed in the Fourier plane. Ref[3]. 

 

 



Sample preparation: 

BaTiO3 nanoparticles are spin coated on a coverslip. The laser is then focused on 

the smallest, individual particle that can be found. MIIPS is then, by applying a 

specific set of phase masks on the SLM and evaluating the SHG spectrum on a 

spectrometer, compressing the laser pulse to a transform limited pulse. 

 

Results: 

The dispersion after passing several lenses as well as the microscope objective 

lens has stretched the pulse to a multitude of its original length, introducing  a 

non-flat phase throughout the pulse (Fig. 1c red line). After finishing the 10 

iterative steps with MIIPS, the SHG spectrum is maximized and has the ideal 

Gaussian curve (Fig. 4). From this data the pulse length at the sample is 

determined to 14.4 fs. This results in a signal gain of usually at least 10 times 

more compared to before pulse compression (Fig. 4). 

 

 

 
Figure 3: The laser spectrum ranges from 710nm to 850nm with a bandwidth at 

FWHM of 100nm. Some small part of the full laser spectrum is cut off, visible as 

steep edges at the end of this spectrum, because of the dispersion of the grating 

it didn’t fit on the SLM anymore. 
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Figure 4: SHG before (blue) and after (red) compression. The amount of signal 

gain shows how important the compensation is. 

 

 

 

2. Coherent photoluminescence 

Based on findings from the previous PhD Nicolo Accanto who discovered that, 

although photoluminescence from gold in general is an incoherent process, 

plasmon resonant gold nanoantennas emit a coherent signal in the ultrashort 

(few fs) regime, indicated due to an unexpected signal increase with shorter laser 

pulses in the ultrashort regime[1]. Biagioni et al[2] showed that photoluminescence 

in gold is an incoherent two-step process via an intermediate state and also 

measured the life-time of this state. However, the ultrashort regime was 

inaccessible for them, and thus has merely been extrapolated in their model. The 

following experiments were carried out in order to uncover the truth about this 

effect. 

The SLM has not only through phase shaping the ability to compress a long pulse 

to a Fourier-limited pulse, but also to do the opposite: It can stretch/chirp a short 

pulse to a longer one in a controlled way. This allows us to probe different time 

regimes without physically changing the setup. The idea is to find out if these 

nanoantennas have an ultrashort coherent regime. An incoherent 2 photon 

process does not care about the phase of the 2 photons when they arrive at the 

sample. This means that even though one manipulates the phase of the 2 

photons to each other, the signal would not change at all and always remain at 

the same intensity. However, if the underlying process is a coherent process, then 

the signal intensity will strongly depend on the phase of the incoming photons. To 

probe this we measured the signal with 2 alternating phase masks: a) a flat phase 

through the whole laser spectrum and b) exactly one half of the laser spectrum 
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has a Pi phase shift with respect to the other half. 2 photons which have exactly a 

Pi phase shift to each other, interfere destructive with each other and the 

measured signal would drop to zero. In our experiment the signal wouldn’t drop 

to exactly to zero since it wasn’t possible to match all the photons with the 

correct phase shift but it would drop significantly (up to 50% decrease). 

 

Sample preparation: 

Samples, an array of gold nanoantennas, produced by Lisa Saemisch. Each 

antenna is along one dimension 50nm thick while the other dimension is varied 

throughout the array from 50 to 300nm. This set of antennas ensures a plasmon 

resonance match with the laser excitation wavelength (~790nm). 

 

Results: 

 

After pulse compression new masks are created. The next experiment will use 

alternating masks between with and without a Pi phase shift. Figure 5 shows how 

such a compensation mask looks. The general curvature is the inverse of the 

original pulse phase and thus compresses the pulse to be transform limited. In 

this case one can see a step function in the center of the mask which represents 

the Pi phase shift. The other alternating mask is the same just without this step in 

the middle. 

 

 
Figure 5: Phase mask for the SLM including a Pi phase shift in the middle of the 

mask. 

 

Now these masks will be used to measure the coherence effects by comparing by 

how much the signal intensity drops when alternating the masks with and 

without the Pi phase shift (Fig. 6). 



 

 
Figure 6: Alternating masks between with and without Pi phase shift with 

transform limited pulse on SHG of BaTiO3. A depletion of 50% could be reached 

by simply applying a Pi phase difference in the center of the phase mask. 

 

After this a scan of the gold nanoantennas is done to find which antenna’s 

resonance matches the excitation spectrum (Fig. 7). 

 

 
Figure 7: Photoluminescence image of the set of gold nanoantennas with varying 

size along y axis. X axis is always 50nm. From left to right: 50-300nm in 10nm 

steps. Laser polarization is along this long axis. The antennas with best matching 

resonance to the laser spectrum are 130-140nm. 
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And the same experiment is done with measuring the signal decrease and 

compare this for different chirped pulses on several nanoantennas. The relative 

signal decrease is plotted in Fig. 8 against the pulse length. 

 

 
Figure 8: Signal drop versus pulse length, showing that the coherent regime is 

only for a pulse-length shorter than 30fs. 

 

The first results show already a very prominent trend that all coherent effects 

end after around 30fs. For pulses longer than 30fs there is no measurable 

difference when alternating phase masks with a Pi phase shift. This corresponds 

well with the findings and assumptions by Nicolo Accanto[1]. Though these are still 

just some first experiments showing that we are in the correct direction. The next 

step is to verify this by a different mean of changing the pulse length, which can 

be done by reducing the bandwidth of the laser spectrum, resulting in a longer 

pulse. The reason for this slightly different approach, is that the laser pulse won’t 

remain Gaussian with stretching it via SLM and adding a certain chirp to it. This 

changed spectrum would then affect the quality of interference in this coherence 

experiment. Furthermore in these simple experiments we only used phase masks 

where the Pi phase shift was introduced exactly in the center of the mask. 

However, this doesn’t mean that this corresponds to the center of the actual 

laser spectrum. This is another reason why the intensity dropped only by 50% 

while shifting the Pi phase through the SLM might show a better position, which 

might have to be done for every single chirped pulse since chirping the pulse also 

changes the spectrum. The data from a single measurement in figure 9 clearly 

shows that setting the Pi step function centered in the middle of the SLM ‘only’ 

results in a depletion if 50% whereas having it a bit offset can result in an even 

stronger coherent effect with a signal drop of 70%. Such a scan might have to be 

-5

0

5

10

15

20

25

30

35

10 20 30 40 50 60 70 80N
o

rm
al

iz
ed

 in
te

n
si

ty
 d

ro
p

 [
%

]

Pulse-length [fs]

Intensity drop after introducing  pi phase shift 

Gold d140nm Gold d140nm-B Gold d140nm-C

Gold d130nm-D Gold d150nm-E



done for every chirped pulse. Though, these further experiments are out of the 

scope of this secondment. 

 

 
Figure 9: The Pi step function has been scanned through the whole SLM and 

measuring the intensity at each position. This indicates that it is crucial to place 

the Pi step at the correct position of the SLM/laser spectrum. 

 

Since surface plasmons are available in more metals than just gold we also 

wanted to test silver nanoantennas. The assumption was that the plasmon 

lifetime in silver is longer than in gold which would simplify the experiments. 

Though, the preparation in the cleanroom with silver is far more challenging and 

resulted in oxidized silver samples. Figure 10 shows one of the few sets of silver 

antennas which was transferred hopefully successfully. However, due to the 

oxidation issues the quality of the individual antennas and reproducibility in the 

same row was an unknown factor and the focus was set on gold. 

 
Figure 10: Photoluminescence image of a set of silver nanoantennas with along 

the y-axis 50nm and along x-axis varying dimension from 50-300nm. Polarization 

of the laser is along the long axis of the antennas. 
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III. Conclusion 

The secondment offered a valuable exchange in a different research group to 

broaden the horizon with different microscopy tools and deep knowledge about 

nonlinear nanoscopy. The visit wasn’t just limited to lab equipment but beyond 

that being included in daily routines, discussions and weekly group meetings to 

see and experience how other research groups operate. The data collection was 

successful and as a result further discussions will be done until the data is 

published. 
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Stephanie Jung

From: Niek van Hulst <Niek.vanHulst@icfo.eu>

Sent: Dienstag, 28. Februar 2017 15:28

To: jungst@mpip-mainz.mpg.de

Subject: RE: Secondment Report- Michael

Flag Status: Flagged

To Stephanie Jung, 

 

Thanks for the report of Michael Stührenberg. Yes the report is pretty much along what I saw earlier already. The 

report is very complete and describes quite in detail all activities during the week of Michael at Icfo. 

I must say the stay has been very fruitful both ways. Michael has been very effective in our labs and surely will take 

part in the publication we are planning. At same time Michael actually did pick up a lot of new info on very short fs 

laser control and non-linear experiments, which hopefully are a good inspiration for his subsequent PhD research. 

Also he was clearly very happy with the very interactive atmosphere at ICFO and took actively part in several 

discussions. 

He is surely welcome to come back for another term in case he feels like that. 

 

Best, Niek van Hulst 
______________________________________________________ 

Niek F. van Hulst   •    ICREA – Professor   •    Head Academic Programs    •    Fellow-OSA 
ICFO – the Institute of Photonic Sciences  •   The Barcelona Institute of Science & Technology 
Av. Carl Friedrich Gauss 3 • 08860 Castelldefels – Barcelona • 34 93 553 4036 • www.ICFO.eu 
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From: Stephanie Jung [mailto:jungst@mpip-mainz.mpg.de]  

Sent: 28 February 2017 13:56 

To: Niek van Hulst <Niek.vanHulst@icfo.eu> 

Subject: Secondment Report- Michael 

Importance: High 

 

Dear Niek, 

 

I hope you are well. Could you please review the enclosed secondment report for Michael and write back to confirm 

that the contents are correct and true? I need to document your confirmation for the EU. Thank you for your help! 

 

Kind regards, 

Stephanie  

 

 

FINON Program Manager 

Max Planck Institute for Polymer Research 

Ackermannweg 10 

55128 Mainz, Germany 

Tel: +49 6131-379-549 

 


