
Joint industrial/academic PhD subject proposition

Modelling, design, fabrication and large scale replication of deep diffractive 
optical elements for anti-counterfeiting applications. 

Context
Diffractive  micro-  or  nano-structures  have been  used  for  several  years  to  protect  sensitive 
documents such as identity cards, passports, visas but also banknotes and products against 
counterfeiting.  However,  improvements  in  reprographic  technology  and  the  increasing 
involvement  of  criminal  organisations  have  recently  simplified  access  to  high  quality 
counterfeiting techniques. For this reason, the development of new optical effects and functions 
and the fabrication and replication of the diffractive structures which produce them is a research 
subject of primary importance to companies working in the field. 

Until now, the techniques used to fabricate and especially to replicate the diffractive structures 
used in anti-fraud protection have imposed limitations on the vertical height of the structures 
which typically can be no more than a few hundreds of nanometres. The partners of this joint  
industrial-academic thesis  (French “CIFRE” PhD)  are  currently  developing techniques for  the 
fabrication and replication of structures containing surface reliefs of up to several microns. The 
availability of this type of structure opens the route to numerous possibilities for new optical 
functions with efficiencies unattainable until now. In particular the combination of diffractive, 
refractive and even resonant  effects  may enable complex chromatic imaging functions with 
multiple control parameters [1]. These new functions, obtainable only with avant-garde know-
how and fabrication/replication facilities will  constitute an significant new barrier against the 
falsification of security documents.

This thesis will be organised in two stages. Initially one to two years at the academic partner,  
the,  Optics  Department  of  Telecom  Bretagne  (www.telecom-bretagne.eu),  to  master  the 
modelling  and  fabrication  by  massively  parallel  direct-write  photoplotting  [2]  of  “deep” 
diffractive micro-structures. The second stage, which will take place in the industrial partner's 
(Hologram Industries) laboratories, will address the transfer of the technology and know-how 
developed to the industrial partner and their adaptation to large scale replication.

Objectives     :  
− development of a process for the fabrication of “thick” (up to 10 microns) diffractive 

structures 
− development of a UV casting replication process of these prototype diffractive structures
− theoretical and digital modelling of the behaviour of “deep” diffractive micro- and nano-

structures
− design,  developments,  fabrication  and  test  of  new optical  functions  based  on  these 

“deep”  structures  for  anti-fraud.  Particular  interest  will  be  paid  to  the  chromatic 
behaviour of the structures

− design, developments, fabrication and test of  optical functions producing effects which 
are highly descriminant in sécurity scanners (effects dependent on polarisation, spectum, 
illumination angle in transmission and reflection … ).

[1] E. Bialic «Etude d’un nouvel élément optique axiconique: le MALDA”  Thèse Télécom Bretagne UBS, 10 
janvier 2011.
[2] KESSELS et al, “Versatile stepper based maskless microlithography using a liquid crystal display for 
direct-write of binary and multi-level microstructures . Journal of Micro/Nanolithography, (JM3), July 2007

http://www.telecom-bretagne.eu/


Candidate profile

 Solid training in Physics/Optics/Photonics (MSc, Engineering school ...)
 Experience of computer modelling (C/C++ and/or Matlab) of physical processes and 

optimisation techniques
 Experience and taste for practical experimentation.
 Cleanroom experience an advantage.
 Ability to work and write in English and preferably French also.

Conditions

Three year CIFRE employment contract with Hologram Industries. Start date October 2012.

Contact

Prof. Kevin Heggarty, Département Optique, Telecom Bretagne, www.telecom-bretagne.eu.
kevin.heggarty@telecom-bretagne.eu
Tel 02 2900 1205     Fax 02 2900 1025 
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