
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 26, 2023

Large area color effects in polymer replica of black silicon

Christiansen, Alexander Bruun; Clausen, Jeppe Sandvik; Højlund-Nielsen, Emil; Mortensen, N. Asger;
Kristensen, Anders

Publication date:
2011

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Christiansen, A. B., Clausen, J. S., Højlund-Nielsen, E., Mortensen, N. A., & Kristensen, A. (2011). Large area
color effects in polymer replica of black silicon. Poster session presented at 10th international conference on
nanoimprint, Shilla Jeju, Korea, Democratic People's Republic of.

https://orbit.dtu.dk/en/publications/bc0df8dd-0c4f-4b11-bcbe-c526a472f2b7


i 

Patterned Structures 
 

 

 

Measurement and calculation 
 
 
 
 
 

Presenting author 
 

Large area color effects in polymer 
replica of black silicon 

Introduction 
 

 

 

 

 

 

Alexander Bruun Christiansen1 ,Jeppe Clausen2, Emil Højlund-Nielsen1, 

N. Asger Mortensen2, and Anders Kristensen1 
1 DTU Nanotech Oersteds Plads Building 345 East DK 2800 Kongens Lyngby, 2 DTU Fotonik, Technical University of Denmark 

Conclusion 
 

  

 
 

Acknowledgements 

Structural colors  

Fabrication 
 

  

 

 

 

1) A silicon master with black silicon is 

fabricated using reactive ion etching, 

patterned using photolithography, and 

FDTS coated for anti adhesion using 

molecular vapor deposition. 

 

2) A PDMS stamp (Sylgard 184) is cast from 

the wafer. 

 

3) Ormocomp is spin coated on a glass 

substrate followed by imprinting with the 

PDMS  stamp in an UV-NIL process.  The 

imprint is performed using a hydrostatic 

pressure of 10 bar. 

 

4) The stamp is removed after UV-curing of the 

Ormocomp. 

Silicon master Ormocomp replica 
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2) 

3) 

4) 

It is found that different 

colors arise from different 

types of surface structures. 

The SEM images below 

show  the different types of 

silicon structures (left) and 

their replications in 

Ormocomp (right).  Angle resolved scattering measurements performed on structures of type 1 illustrate that 

short wavelengths are scattered to certain angles (left). The scattering is also calculated 

based on the diffraction on the surface topography measured by AFM (right). 
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Silicon master Ormocomp Replica 

The transmission spectra of 

the three different types of 

structures. 

Photographs of silicon 

master (left) and white light 

transmitted through replica 

(right). The surface is 

scratched to identify  

different areas. 

Replication of black silicon surface 

structures in polymers has previously been 

used for the purpose of antireflection. We 

utilize the scattering properties of the 

random rough surfaces fabricated in a 

black silicon process to create cheap large 

area color filters in an organic-inorganic 

hybrid polymer. Due to the tapered surface 

structures the method is suitable for large 

scale fabrication in thermoplastics with 

methods such as hot embossing or 

injection molding.  

 

 

The replication of black silicon structures 

to transparent materials can, through angle 

resolved transmission measurements, 

provide information on the scattering 

behavior of light on the black silicon 

surfaces. 

Using UV-NIL with a PDMS stamp it is possible to replicate black silicon structures of 

different types to achieve structural color filters with different transmission spectra.  The 

black silicon master can be patterned to fabricate large area colored designs.  The colors 

appear due to wavelength dependent scattering,  and the measured results can be 

calculated with good agreement, from an AFM image of the surface. 
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Measurement Calculation from AFM data 
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Using UV-lithography 

and reactive ion etching 

the black silicon 

surface can be 

patterned (left).  In the 

replica, the pattern will 

appear as a colored 

design in directly 

transmitted light (right). 
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