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Objectives 
 
To develop a  fiber  fabrication  facility  ‐‐ based on a  state‐of‐the‐art draw  tower  ‐‐  that will  enable  the 
fabrication of advanced microstructured fibers. Our initial focus will be to fabricate fibers that will  lead 
to single‐polarization, single‐transverse‐mode, robust, narrow‐bandwidth kilowatt‐level fiber lasers that 
are highly manufacturable and easy to incorporate in various beam combination designs, while meeting 
the following specifications: 

• Single‐mode outputs with M2 better than 1.05 
• Single‐mode polarization with polarization extinction ratio better than 20 dB 
• Output linewidths less than 5 GHz to minimize SBS problems during high‐power scaling 
• Electrical‐to‐optical conversion efficiencies of better than 25%, with a goal of extending it towards 

the 40% limit in long term 
 
Work performed under this DURIP grant 
 
In December 2007 we received all the components for the fiber draw tower from Photonium in 
Finland.  In  June  2008,  major  installation  was  finished  and  test  runs  were  performed  by 
Photonium field engineers. Engineers  in CHTM/UNM have successfully demonstrated drawing 
of 125 micron diameter  fibers of several hundred meters  length with conventional silica  fiber 
preforms. We have designed and  fabricated a microstructured  fiber  preform  for an endlessly 
single mode fiber and a fixture to provide overpressure in the holes of the preform during fiber 
draw, and a water cooling system to hold this fixture. Preliminary testing has been completed. 
 
Plans for use of this DURIP research and research‐related educational facility 
 
We are planning research and educational programs over the next few years in the following key areas: 

• Design  and development  of  innovative  fabrication  techniques of  air‐core  holey  fiber  technology 
and use it to precisely define the refractive index at any point in the fiber.   

• Design and development of low bend loss fibers (which are problematic when the fiber is designed 
with  a  particularly  low NA  in  order  to  increase  the  mode  area)  by  using  innovative  concept  of 
tilted index profile in the cladding 

• Design  and  development  of  polarization  maintaining  LMA  structures  that  involve  adding 
innovative anisotropic stress‐inducing structures and related dopants to the double‐clad (DC) fiber 
preform followed by very careful control of the fiber draw process.   

• Design  and  development  of  novel  asymmetric  cladding‐core  geometries,  index  profiles  and 
filtering techniques to control effects which degrade power, mode and polarization performance 
at high intensity.    

• Design  and  development  of  novel  fiber  coating  materials  transparent  to  UV‐radiation  for 
fabrication of FBGs and LPGs. 

 
Our targets for making efficient and rugged fiber lasers will involve radical new design implementations 
that will incorporate consideration of the following fiber design issues: 

• LMA  core  design  issues  for  power  scaling  and  control  of  detrimental  effects  due  to  optical 
nonlinearities 

• Incorporation of glass rods containing rare‐earth and other dopants for control of refractive index, 
stress‐induced birefringence, and photosensitivity 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• Double‐clad  fiber  designs  that  will  allow  optimum  pump  coupling,  absorption  efficiency,  and 
optimization  of  gain  and  optical  conversion  efficiency,  while  facilitating  writing  of  FBGs  in 
photosensitive cores 

• Novel transverse fiber geometries for control of birefringence and polarization control 
 
A complete and successful cutting‐edge design should ideally include: 

• An advanced LMA core design, enabling “single mode” areas of >1000 µm2 with bend losses of < 
0.1 dB/m (i.e. total bend losses of < 2 dB for a 20 m long fiber). 

• An active element dopant profile that provides higher gain  in the  lowest order transverse mode 
(i.e. with a higher concentration of optically pumped Yb‐dopant near the center of the mode). 

• A large net birefringence (of the order of 5 x 10‐4 or larger) to facilitate polarization maintenance.   
• An  inner  cladding  design  which  is  not  circularly  symmetric,  and  which  yields  a  relatively  small 

inner‐cladding‐to‐core area ratio (< 50), to enable efficient absorption of  the pump radiation for 
high slope and optical‐to‐optical power conversion efficiencies.   

• A core dopant (say Ge) that enables photosensitivity and fabrication of FBGs and LPGs (in core or 
cladding) directly in the gain medium used for HPFLs (high power fiber lasers). 

• Offsetting  of  the  LMA  core  to  one  side  of  a  flat‐faced  inner  cladding  (and  an  easily  removable 
polymer outer cladding of  low refractive  index)  to enable  lithography of FBGs and LPGs on such 
fibers. 

 
 


