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Ultra-­‐thin	
   Black	
   Phosphorus	
   (BP)	
   is	
   a	
   2D	
  
semiconductor	
   characterized	
   by	
   a	
   direct	
   and	
  
tunable	
   band	
   gap	
   associated	
   to	
   high	
   carriers	
  
mobility	
   (1-­‐3).	
   Studying	
   suspended	
   thin	
   layers	
   of	
  
pristine	
  BP	
  is	
  however	
  challenging	
  due	
  to	
  its	
  strong	
  
degradation	
   through	
   a	
   thickness	
   dependent	
   and	
  
photo-­‐assisted	
   oxidation	
   reaction	
   by	
   adsorbed	
  
moisture	
   oxygen	
   (4).	
   Using	
   a	
   protective	
   transfer	
  
procedure	
   from	
   glovebox	
   to	
   our	
   TEM-­‐STEM	
  
equipped	
  with	
  a	
  monochromator	
  operating	
  at	
  40kV,	
  
we	
  probe	
   the	
   dielectric	
   response	
   of	
   suspended	
  BP	
  
down	
   to	
   the	
   monolayer	
   in	
   the	
   range	
   0.5-­‐40	
   eV	
  
(Figure	
  1),	
  that	
  include	
  measurements	
  of	
  band	
  gaps	
  
threshold	
   and	
   surface/volume	
   plasmons	
   energies	
  
for	
   BP.	
   	
   The	
   dispersion	
   of	
   the	
   plasmons	
   as	
   a	
  
function	
   of	
   the	
   momentum	
   is	
   also	
   measured	
   and	
  
simulated	
   for	
   both	
   in-­‐plane	
   and	
   orthogonal	
  
crystallographic	
  directions	
  (5)	
  .	
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Figure 1: w-q map of the energy and 
momentum dependence along the in-plane 
[200] q direction of the low losses in few layer 
black phosphorus 
 
 
 

 


