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SECONDMENT REPORT 

 

Name/ ESR Number:  Siyuan Wang/ ESR 4-2 

Beneficiary Institution: École Polytechnique Fédérale de Lausanne 

Secondment location: Angewandte Physik und Elektronik GmbH, Berlin, Germany 

Duration of secondment: 6 weeks (18. September – 28. October 2016) 

 

I. Objectives 

A versatile nonlinear microscope, allowing for comparison of different laser 

parameters, using various excitation processes (CARS/SRS, SHG…), has been built 

up. The objectives of this secondment are to complete the implementation of the 

setup and to make it function for nonlinear imaging. 

 

II. Experiments 

 

1. Calibration of the microscope by linear imaging 

Linear imaging in transmission mode was used to find out the scan angle 

resolution and the limits of the setup, using a He-Ne laser (543.5 nm) as the 

illumination. 

 

Sample preparation: 

A line grating target (Thorlabs, R1L3S6P) with the period of 6.67 lp/mm was used 

to find out the scan angle resolution when using 10x and 20x objectives, 

respectively. The scan angle range was 8 optical degrees, with the scan fill 

fraction of 0.8 and 0.9. The performances of both the uni- and bi-directional 

scanning were compared. Pixel dwell time varied from 5 us to 40 us. 

 

Results: 

The scan mirror needs a certain time to go back from one end to the other end, 

therefore, there is a delay between the driver and the scanner. At a high scanning 

speed (frame rate > 0.7 Hz), such delay is recorded during the scan, and will 

severely distort the recorded image for unidirectional scan, as shown in Fig.1, 

limiting the frame rate. 



 
Figure 1: The white stripe rectangle in the red dashed box is an artifact caused 

by the delay of scan mirror movement comparing to the driving voltage when 

using a high scanning speed. Both images were taken with a pixel dwell time of 

5000 ns and fill fraction of 0.8. Bidirectional scan eliminates this phase delay, 

and therefore, the artifact. 

 

The aperture between the tube lens and the objective limits the field of view to 

be 11 degrees (yellow circle in Fig.2). However, to have a homogeneously 

illuminated square image, the scan range has to be limited to be around 8 

degrees (red square in Fig.2). 

 
Figure 2: An image taken with a scan range of 16 degree at a fill fraction of 0.8. 

To enhance the image quality, the vignette region of the FOV can be eliminated 

by limiting the scan range to below 8 degree. 

 

Bidirectional scan can improve the scanning frame rate. However, the phase 

mismatch between the neighboring scan lines will lead to interlace effect and 

degrade the image quality. Adjusting the phase delay between the driver and the 

scan mirror can help to minimize the interlace effect. The bidirectional scan 

frame rate is limited by the readout speed of the DAQ board. 



 

The measured scan angle resolution is 175±1 um/deg, when using a 10x 

objective, and 87±1 um/deg for a 20x objective. 

 

 

2. Nonlinear imaging with the picoEmerald S OPO system 

The microscope is then combined with the APE picoEmerald OPO system to do 

nonlinear imaging, using SRS and CARS processes. The critical step is to get good 

spatial and temporal overlaps between the OPO IR beam (Stokes, 1031 nm) and 

Signal beam (pump, 700- 960 nm). This work is still in process. The microscope is 

to be realigned with the OPO system to get SRS image of olive oil with a 797 nm 

pump to resonance the C-H vibration at the Raman shift of 2850 cm-1. Fine 

alignment will be achieved by optimizing the SRS signal.  

 

III. Conclusion 

 

Characterization of the microscope by linear imaging has been done, and getting 

nonlinear SRS signal is still being attempted.  

 

The secondment project is instrumentation related, which I am very interested in 

learning about. I have gained some practical knowledge of how a scanning 

microscope works and SRS/CARS processes. I have also learned an overview of 

industry research in a company. As expected, there are many details and practical 

issues to take into consideration when making a homebuilt setup function, 

therefore the progress is slower than planned. 
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Stephanie Jung

From: Edlef Büttner <edlef_buettner@ape-berlin.de>

Sent: Mittwoch, 2. November 2016 16:52

To: 'jungst@mpip-mainz.mpg.de'

Cc: Konrad von Volkmann

Subject: RE: Secondment Report- Siyuan

Flag Status: Flagged

Dear Stephanie, 

  

please apologize for the delay of our answer. 

  

With this I confirm that the content of Siyuan´s report is correct and true. 

  

Thank you for sending her for a secondment at APE, it helped us a lot I setting up a microscope system. 

Best regards, 

Edlef  

  
  
-- 
Edlef Büttner 
Senior Scientist 
  
mailto: edlef_buettner@ape-berlin.de 
 
APE Angewandte Physik und Elektronik GmbH Plauener Str. 163-165, Haus N 
13053 Berlin 
  
Tel.: +49 30 98601130 
Fax: +49 30 986011333 
http://www.ape-berlin.de 
  
Handelsregister: HRB 46630 Amtsgericht Charlottenburg 
Geschäftsführer: Cornelia Kiecker, Dr. Bodo Richter 

  

  

From: Stephanie Jung [mailto:jungst@mpip-mainz.mpg.de]  

Sent: Wednesday, November 02, 2016 2:01 PM 

To: Konrad von Volkmann <konrad_vonvolkmann@ape-berlin.de>; Edlef Büttner <edlef_buettner@ape-berlin.de> 

Subject: FW: Secondment Report- Siyuan 

Importance: High 

  

Dear Konrad and Edlef, 

  

I hope you are both well. When you have the chance could you please review Siyuan’s secondment report and reply 

to say the contents are correct? 

  

Many thanks and kind regards, 

Stephanie  

  

From: Stephanie Jung [mailto:jungst@mpip-mainz.mpg.de]  

Sent: Freitag, 28. Oktober 2016 08:55 
To: 'Edlef Büttner'; 'Konrad von Volkmann' 
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Subject: Secondment Report- Siyuan 

Importance: High 

  

Dear Konrad and Edlef, 

  

Could you both please review the enclosed secondment report for Siyuan at your earliest convenience and write 

back to confirm that the contents are correct and true? I need to document your confirmation for the EU. Many 

thanks! 

  

Kind regards, 

Stephanie 

  

FINON Program Manager 

Max Planck Institute for Polymer Research 

Ackermannweg 10 

55128 Mainz, Germany 

Tel: +49 6131-379-549 
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