
Goal : Identify new types of phase functions suitable to a phase-mask coronagraph (phase mask in the image plane). Find alternative to 
the well-known Optical Vortex
Method : Start from a set of continuous analytical functions having the property to cancel the Strehl ratio of an uniformly illuminated 
optical system (Ref. [1]). Establish necessary conditions for those functions to fit the coronagraph requirements. Investigate the 
properties of azimuthally-invariant and centro-symmetric phase functions, including azimuthal cosine-modulated phase functions and 
circular phase gratings
Results: Azimuthal cosine-modulated phase functions are good alternative to the Optical Vortex, because they have comparable 
performance and can be manufactured as phase plates without surface discontinuities

François Hénault, Alexis Carlotti, Christophe Vérinaud
Institut de Planétologie et d’Astrophysique de Grenoble, Université Grenoble-Alpes, CNRS, B.P. 53, 38041 Grenoble – France

Analysis of nulling phase functions suitable to ima ge plane 
coronagraphy

Contact
francois.henault@univ-grenoble

-alpes.fr

Te
le

sc
op

e
di

am
et

er

x’=0.25Fλλλλ/D x’=0.5λλλλF/Dx’=0

x’= λλλλF/D x’=1.25λλλλF/Dx’=0.75λλλλF/D

x’=1.75λλλλF/D x’=2λλλλF/Dx’=1.5λλλλF/D

20
λλ λλ/

D

0

0.2

0.4

0.6

0.8

0 1 2 3 4

Off-axis angle ( λλλλ /D)

T
ra

ns
m

itt
ed

 p
ow

er

0120

0140

1020

1040

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

0 1 2 3 4

Off-axis angle ( λλλλ /D)

T
ra

ns
m

itt
ed

 p
ow

er

0140
0140 t = 0.2
0140 f = 0.025
1040
1040 t = 0.2
1040 f = 0.025

0140 (unobstructed)
0140 (pupi obstruction 0.2)
0140 (filter obstruction 2 λλλλ/D)
1040 (unobstructed)
1040 (pupil obstruction 0.2)
1040 (filter obstruction 2 λλλλ/D)

0140 (unobstructed)
0140 (pupi obstruction 0.2)
0140 (filter obstruction 2 λλλλ/D)
1040 (unobstructed)
1040 (pupil obstruction 0.2)
1040 (filter obstruction 2 λλλλ/D)

Comparison with Optical Vortex 
(without/with obscurations)

Irradiances at Lyot stop and 
coronagraphic planes vs. 

pointing errors
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[1]  F. Hénault, “Strehl ratio: a tool for optimizi ng optical nulls and singularities,” JOSA A vol. 32,  p. 1276-1287 (2015)

Circular phase gratings:

are not simple analytic solutions. They must be 
optimized numerically
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