
Transmission depends on the desired contrast. The

dependence become hard if the original obstruction is

large. We adopted a solution with the transmission of

50% (2019a) for SCExAO. Apodized pupils with T=60%

(2018a, 2019b) were also fabricated.

We have developed phase mask coronagraphs using photonic crystal wave plate with very fine structures of

sub-um accuracy :

- concentric pattern (2nd order vortex)

- 4-quadrant phase mask (4QPM, 0/π digitized 2nd-order vortex)

- 8-octant phase mask (8OPM, 0/π digitized 4th-order vortex)

- 32-segment 4th order vortex.

The 2nd-order vortex and the 8OPM were tested at HCIT(JPL) and THD(Paris) reaching to several of 10^-8

contrast. An H-band 8OPM has been already installed in Subaru coronagraphic extream adaptive optics

(SCExAO).

We are trying to make it achromatic by multi-layer configuration using Pancharatnam phase. Recently we

manufactured a three-layer IR 8OPM as shown in Figure 2. Each layer was once fabricated in a substrate, cut to

separate each other, and glued into one optical element. It was mounted in a holder to install at the filter wheel

of the SCExAO.
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2. Photonic crystal phase mask coronagraphs

6. Conclusions and Future prospects
We manufactured a three-layer 8-octant phase mask by a photonic crystal waveplate which was achromatic for J, H, 

and Ks band. An apodizer to be combined with the 8OPM was designed and fabricated, which would suppress the 

diffracted light of the secondary shadow and spiders down to 1x10-4 at the center and 1x10-6 at 15 lambda/D.

The performance of the combination of these elements would be evaluated at SCExAO.  

We need to make further studies on the off-axis ray and the higher-order vortex masks.  
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3. 8OPM with Apodized Pupil
Most of coronagraphs work well with a circular

aperture, but bright diffracted light remains at

a final focus if the aperture is obstructed by a

secondary and spiders. A lens pair which fills

up the secondary shadow has been also

installed in SCExAO. It is, however, not easy to

manufacture and set the lens pair with very

low aberrations ( Oshiyama+15, Jovonovic+15).

We are going to introduce an apodized (binary)

pupil combining with the 8OPM to reduce the

diffracted light instead of the lens pair.

4. Fabrication and experiments of binary pupil

We fabricated the apodized pupil by chrome

etching in March 2018 and March 2019 as

shown in Fig.6. We made optical confirmation

using (2018a) with the 8OPM and obtained

contrasts 5~8e-6 within the OWA of 10 λ/D for

635nm not using adaptive optics which was

almost the same as that of circular aperture,

although its designed contrast was 1e-7. The

binary pupil had a diameter of 2.56mm. While

a binary pupil (2019a) for SCExAO has the

diameter of 17.4mm with an AR coating for J,

H, and K band. Designed contrast was 1e-4 at

the center and 1e-6 at 15 λ/D. Experimental

contrast will be obtained with the achromatic

8OPM mentioned in section 2 soon. The

designed contrast of (2019b) was 1e-10 but

those of (2018a) and (2019a) were low

because they were designed for a ground-

based telescope.
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Fig.6  Experimental contrast of the 8OPM coronagraph with the 
binary pupil (2018a) and  designed contrast of (2019a).

Fig.4  Principle of 8OPM with apodized pupil
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One of the most interesting themes in modern astronomy is to characterize exoplanets and investigate

biosignatures in their spectrums by detecting reflected light with direct imaging techniques. In order to detect

the reflected light high contrast imaging instruments with 10-8 to 10-10 are required, which will be achieved by

future large telescopes in space and at the ground. Towards this purpose we are developing phase mask

coronagraphs in combination with shaped pupil.

1. Introduction

Fig.1  EM images of 2nd-order vortex 
and 8OPM (Photonic Lattice Co. Ltd.).

Fig.2 Three-layer IR 8OPM designed as achromatic for J, H and Ks band.
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The three-layer IR 8OPM was designed as achromatic for J, H and Ks band that peak extinction ratio at the PSF

peak was about 3x10-3 (and at halo was 1x10-5). Experimental extinction was also confirmed in a lab coronagraph

optics at 1550nm. We observed a good diffraction pattern at the Lyot plane and the extinction of the PSF peak at

a final focus to be 1x10-3 which was almost consistent with the design.

Fig.3 Extinction of the three-layer IR 8OPM.
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Fig.5 Transmission of  apodized pupil combined with 8OPM
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5. Other telescope pupils and phase masks

2.56mm/512/5μm/Optical

φ/resolution/pitch/AR

17.4mm/256/68μm/IR(J,H,K)
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