
MUSES9-HS electro-optic tunable 
filter: operation principle  

The c r i t i ca l  op t i ca l  e lement  o f  the  e lec t ro-opt ic  tunab le  f i l t e r  (EOTF)  i s  
a  Cont inuous ly  Var iab le  F i l t er  (CVF) .  The  CVF  i s  an  op t i ca l  in te r fe rence 
f i l t e r  whose  spec t ra l  t ransmiss ion var ies  con t inua l l y  a long i t s  long ish  
d imens ion.  The  wave length var ia t ion i s  ach ieved by  an  in te r ference  
coat ing that  i s  in tent iona l ly  wedged in  one  d i rec t ion,  c reat ing a  
cont inuous sh i f t  o f  the  cen ter  wave length a long the  long ish  d i rec t ion o f  
the  f i l t e r .

D i f f e rent  locat ions  o f  the  CVF t ransmi t  d i f f e rent  wave lengths  (A  &  B)  
and  b lock  a l l  the  o ther  wave lengths .  The  t ransmit ted  wave lengths  are  
l inear ly  vary ing w i th  the  locat ion o f  the  CVF  (C) .  Typ ica l  d i spers ion 
va lue  i s  2nm/mm.   

Spectr icon has des igned and deve loped the  wor ld ’s  f i rst  CVF  that  
covers  an  u l t ra wide  band 370-1100nm.  The Spectr icon’s  CVF   
t ransmits  94% of  the  incoming l ight  at  any  operat ing spectra l  
band,  wh i le ,  a t  the  same t ime,  re ject ing a l l  the  out-of-band 
wave lengths wi th  an  incred ib le  b lock ing e f f i c iency  exc id ing 5  OD .



The MUSE9-HS electro-optic 
tunable filter 

CVFs have been used in miniatur ized spectrometers,  
of fer ing, however, s ingle point spectroscopy, low l ight 
throughput and spectral range. Spectricon has achieved to 
radical ly improve CVF technology and performance and, 
more importantly, to invent and introduce to markets 
the CVF-based hyperspectral imagers.

MUSES9 HS cameras encapsulate an EOTF, compris ing a CVF 
l inear translat ion mechanism (D) and image manipulat ion 
opt ics.  The latter modulates spat ia l ly the image to pass 
through a t iny CVF l ine, thus achieving narrow band 
f i l ter ing of the whole image. Af ter exit ing the CVF, the 
modulated image is f inal ly reconstructed and captured by 
the imaging sensor.  Image captur ing is synchronized with 
the CVF’s l inear translat ion, so that a plethora of narrow 
band images are captured in a t ime sequent ia l  manner, unt i l  
acquir ing a complete spectral cube.



Fabry-Perot tunable filter-based 
Hyperspectral Cameras  

Fabry-Pérot interferometers are basical ly resonant optical 
cavit ies made of two plane-paral le l,  highly-ref lecting 
sur faces that are s l ightly spaced, typical ly from hundreds 
of micrometers to a few mi l l imeters (A). The large 
ref lectivity of the plates causes multiple back and for th 
ref lections across the cavity for each incident ray. 
Individual rays then spl it and interfere coherently among 
themselves. The di f ference of opt ical path among two 
consecutive ref lections is such that i t  causes resonances 
on the transmission under some condit ions.  

Fabry-Pérot design is del icate, s ince mirror defects, tuning 
accuracy (≈ λ /2), image, ghost images,  angle of 
incidence etc., cause a long l ist of errors in measuring 
spectra. 



The inherent  l im i tat ions  o f  F -P  sys tems are:  
1 . L im i ted  tun ing range:  In  S i  sensor  spec t ra l  range they  can  cover  ( typ i ca l l y)  490-

640nm w i th  one  modu le  o r  the  range  640-910 w i th  a  second  modu le .  To  expand  the  
range ,  some manufacturers  use  bo th modu les ,  and  images  are  cap tured w i th  two 
sensors .  However ,  even  th i s  comb ined  des ign miss  a  s ign i f i cant  par t  o f  the  370-
1100nm spec t rum,  par t i cu la r ly  in  the  b lue  por t ion o f  the  spec t rum.

2 . To  min imize the  ray  ang le  dependance,  F -P  cameras   use  a  f i xed  lens ,  p laced  
beh ind  the  resonator  and  a  sma l l  s i ze  sensor .  Th i s  has  the  fo l l owing negat ive  
consequences

o L imi ts  app l i cab i l i ty  to  the  f i xed  F ie ld-o f -V iew
o No focus ing op t ions  
o No f reedom to  adapt  to  a  var ie ty  o f  op t ica l  ins t ruments  
o Poor  dynamic  range  due  to  sma l l  p ixe l  s i ze  o f  the  sma l l  a rea  sensor  

3 . Pub l i shed eva luat ions  o f  F -P  sys tems have  shown severa l  channe l  l eaks  in  the  
measured  wave length range.  In  the  image area  there  i s  an  approx imate ly  1 .5  nm 
sh i f t  in  the  channe l  wave lengths ,  and  up  to  10% var ia t ion in  the  channe l  
bandwidths .  The  expanded uncer ta in t ies  (k  = 2)  fo r  the  measured  channe l  
bandwidths ,  sens i t i v i t ies  and  wave lengths  are  7 .9%,  9 .5% and  0 .64  nm,  
respec t ive ly1.  Moreover ,   l ow and  non un i form t ransmi t tance ,   remarkab le  channe l  
c ross - ta lk ing  and  wave length sh i f t s  w i th in  the  spec t ra l  image  are  add i t iona l  
common drawbacks  o f  F -P  techno logy.   

1 .  “Se tup  fo r  characte r iz ing the  spec t ra l  respons iv i ty  o f  Fabry–Pérot- in te r ferometer-
based  hyperspect ra l  cameras”  by  O.  Pekka la e t  a l  

Limitations of F-P Systems 



Fabry-Perot, MUSE9-HS 
comparison table

Fabry Perot MUSES9-HS

Tuning range ~300nm 640nm

Full width at half max 30nm 10nm 

Filter Transmittance non uniform 40-70% uniform 95%

Out of band leaks  5-10% 0.001%

Tunning speed 5ms (camera shutter limited) 20ms (camera shutter limited)

Camera spatial resolution 2 megapixels 6.4 megapixels 

Lens Fixed Selectable 
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