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ABSTRACT   

The ESA M size mission PLATO (PLAnetary Transits and Oscillation of stars) is planned to be launched in the 2026, 

with the aim of discover exoplanets that will be characterized with unprecedented precision. The optical elements of 

PLATO are 26 small telescopes, the TOUs (Telescope Optical Units), that using partially overlapping Fields of View 

will permit instantaneous sky coverage larger than 2100 square degrees. Each TOU has an aperture of 120 mm diameter 

assured by an internal stop, and it is composed by 6 lenses, the frontal one having an aspherical surface and the last 

acting as field flattener. The mechanical structure is realized mainly in AlBeMet. We here describe the optical design, 

summarizing several optical properties (materials, coatings, etc.), and report on nominal performances of the TOU 

system. 

Keywords: PLATO, Exoplanets, Wide field telescope, Photometry, Space telescope, wide field camera, extra-solar 

planetary system, asteroseismology 

2. INTRODUCTION  

The PLATO mission (PLAnetary Transits and Oscillation of stars) (ref [1][2][3][4][5]), is under study since the first 

decade of the third millennium (ref [5]), and reference therein), with the aim of designing and then manufacturing a 

space mission that allows the discover and characterization of a very large number exoplanets. Since the beginning, one 

of the main ideas has been the splitting of the collecting area among several co-pointing small optical units, instead of 

the use of one single ‘monolithic’ system, allowing at the same time a large field of view and a large entrance pupil. 

This process has led to the actual ESA Medium sized (M3) mission, scheduled for launch in 2026, that foresees the use 

of 26 small refractive telescopes that will permit the detection of thousands of new planetary systems, among which 

hundreds will have a solar-like star and at least one planet in the habitable zone. The performance of PLATO will permit 

the characterization of the planets and the stars in terms of radii, masses density and age as never before, thanks also to 

the ground spectroscopic follow-up. 

The 26 telescopes (called ‘Cameras’), hosted in a payload module, are divided into 2 families: 24 ‘Normal Cameras’, and 

2 ‘Fast Cameras’: the Fast Cameras, co-aligned with the payload module , will read an image each 2.5s and, working 

each one in a limited different wavelength range (500-750 nm and 750-1000 nm), will give color information about the 

targets; the Normal Cameras (that covers the entire 500-1000nm range and will use an exposure time of 25 seconds) will 

be arranged in 4 groups of 6 elements each. The 6 elements are co-aligned one with respect to the others, but the Field of 

View (FoV) of each group will be shifted by 9.2 degrees with respect to the Fast Cameras pointing; this strategy permits 

to obtain a very large global field of view (more than 2000 degree2 squared) starting from the FoV of the single Cameras 

(anyway remarkable, reaching more than 1000 degree2), at the price of a variation of sensitivity of the entire instrument 

over the field. 
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Each Camera is composed by several subsystems: the TOU (Telescope Optical Unit), i.e. the lenses and the structure to 

create the focal plane, which is recorded by the FPA (Focal Plane Array), the second subsystem composed by the 4 E2V 

CCDs and their mechanical support structure, and the FEE (Front End Electronic), third subsystem of the Camera 

System. The PLATO Payload is completed by MEU Main Electronic Unit), FEU (Fast Electronic Unit) and the ICU 

(Instrument Control Unit), to perform on-board data reduction and compression, and communication with the Service 

Module of the mission (ref [7]) 

 
Figure 1: Plato Spacecraft (from ESA website) 

 

3. TOU OPTICAL DESIGN 

As it has said above, the TOU is the ‘optical heart’ of the PLATO mission. Its optical design has evolved during the 

mission design study (ref [5]), going from a reflective design to a refractive one that has been , step by step, optimized to 

give the best performances, looking not only at the optical quality but even at limitations in terms of physical dimensions 

and weight. The final result is this process is illustrated in Figure 2, and the properties of the elements are reported in 

Table 1. 

 
Table 1: properties of TOU elements and their distances 

Element Material R1[mm] R2[mm] Thickness[mm] Semi Dia[mm] Shape Separation[mm]

WINDOW SUPRASIL - - 9.00                   100.00 Circular -

L1 S-FPL51 181.80 * - 23.52                 89.20 Circular 1.87

L2 N-KZFS11 733.11    136.44    7.77                   72.00 Circular 24.94

STOP - - 56.26 61.03

L3 CAF2 155.79    205.01-    27.85                 62.10 Circular -7.00

L4 S-FPL51 467.24-    140.95-    17.66                 67.80 Circular 63.40

L5 S-FTM16 102.37-    154.64-    5.06                   69.93 Circular 15.15

L6 BK7G18 107.10-    - 5.11                   88.00 Complex 113.01

FOCAL PLANE - 3.53

*asph surface  k=-3.9653, a4=3.488e-8, a6=-4.766e-12, a8=5.599e-17, a10=-2.786e-21  
 
The TOU is a modification of a double Gauss design, which assures a correct chromatic correction via the adoption of 

different kind of glasses, not all rad-hard. For this reason a Suprasil window has been foreseen in front of the system, 
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being Suprasil naturally resistant to the radiation and hence protecting the remaining elements. Effects of radiation has 

been evaluated in [6], and considered acceptable for the duration of the mission. The first lens presents one aspheric 

surface (the only one in the system), while the last lens, acting as field flattener, is placed few millimeters from the 

detectors plane. A physical diaphragm (realized in titanium) near the third lens defines the system stop. To comply with 

the overall mass requirements, first elements diameters have been slightly reduced, causing a small amount of vignetting 

(less than 10%) at the edge of the field of view; for the same reason, the last lens is not of cylindrical shape, but presents 

a more complex one (see Figure 3 and Figure 11), that follows the envelope of the beams illuminating the detector. 

Design of the TOU is the same for all the cameras families, both Normal and Fast, and first order parameters are reported 

in Table 2; the difference between Fast and Normal (the system bandpass) is realized with the adoption of different range 

selecting coatings, which are deposited on the internal window surface. All remaining surfaces presents antireflection 

coatings (e.g. see Figure 9). 

 

 
Figure 2: Optical Layout of the TOU (telescope Optical Unit). Fields position, illustrated in different color, goes from the center to the 

nominal radial maximum field position. It is possible to see the pupil formed in the proximity of the third lens. First element is a flat 

quartz window, used to protect from radiation the remaining elements and exploited as substrate for the deposition of wavelength 

range selecting filters (both in Normal and in Fast cameras). Last lens is represented as a cylindrical one, but the actual design is a 

much more complex shape (see Figure 3 and Figure 11). 

 

 
Table 2: TOU main parameters 

Working Wavelength Range 500-1000nm (500-750 and 750-1000 for Fast Cameras) 

Pupil Diameter 120 mm 

Paraxial F# 2.06 

Focal Length @ 700 nm 247.61 mm 

Scale 15 arcsec/pixel, pixel size 18 um 

Axial length 372 mm 

Working environment -80°,0mbar 

Weight ~11 Kg 
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The mechanical structure of the TOU consists essentially in a tube realized in AlBeMet, in which lenses are housed using 

titanium mounts. A conical baffle of limited dimensions (due again to space and weight limitations) is coupled to the 

system, and presents different dimensions according to the Camera family.  

 
Figure 3: 3D section view of the TOU (completed with FPA), showing one of the possible baffle models  

4. PERFORMANCES 

4.1 Optical Quality 

The criterion used to evaluate the TOU performance is the Ensquared Energy, shown in Figure 5 up to a size 

corresponding to four 18 micron pixels of the detector; nominal performances evaluated in green positions of the Field of 

View depicted in the right panel of Figure 4, foresee more than 90% of energy in a 2 pixels side box and essentially 

100% energy for 4 pixels side box. Spot diagrams, shown in left panel of Figure 4, are indeed essentially contained in 4 

pixels boxes. 

  

Figure 4: in the left panel, polychromatic spot diagrams for the position of the FoV indicated in green in the right panel. The box is 4 

PLATO FPA pixels wide (72 micrometer). 
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Figure 5: Polychromatic Ensquared Energy, in Field of View positions indicated in green in the right panel of Figure 4.    

 
4.2 Field Area 

The TOU exhibits a very large corrected Field of View, due to the fast F# and the dimension of the detectors in the FPA 

(four CCD, each having 4501x4510, 18 micron pixels); radially, the maximum field projected on the sky is about 19°. 

The precise area of the imaged FoV and recorded by the CCDs is not trivial to calculate, due to: 

• Vignetting factors on the focal plane: a gap is present between the CCDs, where the FoV is not sensed; 

moreover, a mechanical “straylight mask”, a metal diaphragm situated few mm above the detectors plane, 

covering not only the surrounding of the CCD so to reduce the scattering and reflections, but also the corners of 

the CCD themselves ,where optical quality would not be anyway optimal (see Figure 6). Actually, the valid part 

of the detectors considered is even smaller, being limited to a radial angular size of 13.6°, corresponding to the 

minimal corrected field by TOU requirements. 

• Projection of angular sizes on sky on the detector plane and consequently calculation of areas, given the large 

angles involved, should employ spherical geometry formulas. 

Proc. of SPIE Vol. 12180  121804I-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 09 Jan 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 
 

 

 

 

 

Figure 6: Vignetting mask on the Focal Plane, showing intra-CCDs gaps and corners covered by straylight mask. 

 

A numerical calculation has been performed to obtain the value of the total area of the FoV: angular coordinates, 

expressed as couples (X,Y) in the tangential and sagittal planes, are used to derive the parameters of the spherical 

quadrilateral (SA) having vertices corresponding to (0,0),(X,0),(0,Y),(X,Y). The areas Aij of the SAs for a grid of 

positions Xi,Yj are then combined to calculate the area subtended on sky by the part of field between (Xi-1,Yj-1), 

(Xi,Yj-1), (Xi-1,Yj), (Xi,Yj). Figure 7 shows, in gnomonic projection, the area values versus X and Y field positions on 

a grid with 0.005 deg step, once masked for the positions vignetted of the focal plane; as can be seen, total field in sky is 

about 1037.1 degrees2.  

 
Figure 7: value of areas (in degrees2) of field quadrilateral on a 0.005 degrees grid in sagittal/tangential coordinates. 

 

The fields of the 4 groups of Cameras, pointing in slightly (9.2 degrees) different directions, are combined to obtain a 

total field of view of more than 2100 squared degrees2  (see Figure 8).  
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Figure 8: Fields of the four Normal Cameras superimposed to obtain global PLATO field of View. 

 
4.3 Straylight 

Straylight may endanger the performance of the system, reducing contrast and adding noise to the scientific signal. In the 

course of the project, straylight has been evaluated using a FRED model (ref [8]), based on optical and mechanical 

models. A 3D section view of the model is visible in Figure 3.The model is composed not only by elements of the TOU, 

but also by parts of the FPA, useful to evaluate reflections and scattering on and in proximity of the detectors. 

Several phenomena have been considered: 

• Residual reflections on the optical surfaces and of the sensible part of the detector, due to reflectivity of the anti-

reflection coatings (e.g. see Figure 9), values are based on OpticStudio (ref [9]) coatings models  

• Scattering on optical surfaces due to microroughness, scratches and digs and particulate contamination 

• Scattering and reflections on lenses borders, depending on the kind of finishing foreseen for the parts 

• Scattering of the mechanical parts of the TOUs (see Figure 10) 

Scattering properties of surfaces are represented using BSDFs (Bi-directional Scattering Distribution Function) (see 

[10]), originated by analytical models (e.g. three parameters Harvey-Shack for micro-roughness, Peterson model for 

Scratches and Digs [11] or Mie scattering modelled by FRED [8] for particulate contamination), fit of measurements 

(like the BRDF of black nickel treated mechanical parts, that has been subject to an extensive campaign of measurements 

performed by University of Bern, designer and supplier of the TOU mechanical structure), or at last coming from 

heritage models (e.g. naked metals parts, a Harvey-Shack model coming from the ASAP [12] library). 

 

 

 

Intensity of reflection for AR coated applied applied on lenses 1 4 and 6 vs angle of incidence Intensity of reflection for AR coated applied applied on lenses 2 and 5 vs angle of incidence 

Figure 9: Examples of AR coating performances @700nm vs angle of incidence  
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Black Nickel Tube Shiny Metal 

  

Lenses dust contamination Lenses Scratch and digs 

Figure 10: Examples of adopted BRDFs 

The analysis concentrates on two different aspects: ghosts and scattering, treated separately. Both analyses have been 

performed at 3 different wavelengths (500, 750 and 1000nm), for Normal and Fast cameras and light illuminating the 

system from several directions in terms of azimuth and polar angle. 

The Ghost analysis highlighted the presence of a point-like ghost, of approximate dimension comparable with that of the 

nominal image, generated by the detector and the two faces of the front window, an extended ghost due to the double 

reflection of the detector and the last surface of L6, and several other ghosts of lower irradiance. Dimensions and 

irradiance of these ghosts are by analysis well within the requirement, and dedicated tests on EM model seem to confirm 

it (ref [13]). 

Scattering analysis produced values of PST (Point Source Transmittance), i.e. the ratio of the irradiances on the detector 

due to Straylight over the irradiance of the source generating the straylight at the entrance of the system (see [14]) 

An example of the PST obtained is in Figure 12, compared with the requirements. In particular, it can be seen the peak of 

the PST @20deg of polar angle, due to the interaction of the beam with the border of L6. For this reason, borders of L6, 

as some parts of the border of L2, have been painted with black Enthone, that shows a Total Integrated Scatter of about -

5-7% (see Figure 11). The PST is marginally not compliant with the requirements, but consequences of this 

noncompliance have been considered acceptable. 
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Figure 11: L6 and support 3D view, showing the complex shape of the element and, in red, the parts that will be blackened with the 

application of  black Enthone 

 

 
Figure 12: PST for the N1/N4 type Camera  

5. CONCLUSIONS 

Optical performances of the TOU will permit the realization of the PLATO mission, that starting from 2026 will deliver 

information about thousands of exoplanetary systems.  The Equivalent Model (EM) of the PLATO Camera is currently 

subject to an extensive test campaign. First results of which confirms the expected performances (see [15] and [16]). 
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