radiation test on membranes for space instrumentation
1 Scientific Contest

The Europa Jupiter’s System Mission (EJSM) to the Jupiter’s moons is an ESA-NASA joint mission selected for the development phase by both agencies. It foresees two spacecraft: the Jupiter Europa Orbiter (JEO), developed by NASA, to the second Jupiter’s moon Europa and the Laplace Jupiter Ganymede Orbiter (JGO), developed by ESA, to the third moon, Ganymede. EJSM will study Jupiter and its magnetosphere, the diversity of the Galilean satellites and the interaction and processes effective in the Jupiter’s system (Blanc et al., 2009). In particular, the investigation of the interaction of the Jupiter’s satellites with the magnetospheric plasma and the investigation of the exospheres generation from the surfaces of the Jupiter’s moons, Callisto and Ganymede, will be one of the major scientific objectives of JGO. 

In particular, the plasma impacting onto the moon surfaces produces, via ion-sputtering and back scattering processes, neutrals with characteristic spectra up to more than 100 eV (Johnson, 1998; Hofer, 1991). 

The detection, mapping and characterization of neutral atoms ejected from the surface of Ganymede and Callisto will provide information on the interaction processes. In order to map the region where the ion sputtering process is active the detection of the sputtered neutrals atoms at energies > 10s eV is needed (Milillo et al., 2005). This detection combined with measurement of the impacting plasma flux will permit the estimation of the release efficiency, thus providing important information about the surface properties, surface ageing and, eventually, the peculiar evolution of these bodies.

In the model payload of the JGO within the Plasma Package a Low Energetic Neutral Analyzer (LENA) to characterize the neutrals from a few eV to a few keV is included (Wielders et al., 2009). The basic concept of this sensor uses the heritage of the SERENA-ELENA (Emitted Low-Energy Neutral Atoms) sensor (Orsini et al. 2009) under development for the ESA-JAXA BepiColombo mission to Mercury (launch 2014), described in Section 2.
The magnetospheric plasma at Europa and Ganymede orbits has been measured by the Galileo spacecraft.
 Energetic particles, particularly from the trapped radiation belts and from solar particle events cause radiation damage to electronic components. They can easily penetrate the entrance grating deposit considerable doses during a mission and arrive on sensitive detector introducing background noise.
Radiation tests of detector ( Micro-Channel Plate) and of the representative entrance grating of the sensor  are needed.
2 Instrument concept

The LENA basic concept is based on the heritage of the SERENA-ELENA sensor (Orsini et al., 2009) under development for the ESA-JAXA BepiColombo mission to Mercury (launch 2014). ELENA will be able to resolve intensity, velocity (10%) and direction (4°x4°) of the surface released particle flux in the energy range from 10s eV up to 1000s eV.

ELENA is a Time-of-Flight (ToF) sensor, based on the state-of-the art of ultra-sonic oscillating shutter (operated at frequencies above 20 kHz and up to 100 kHz), mechanical gratings and Micro-Channel Plate (MCP) detectors. The purpose of the shuttering system is to digitize space and time when tagging the incoming particles without introducing “disturbing” detec​tor elements, which may affect the particle’s trajectory or the energy. 

The ELENA sensor concept is showed in Figure 1. The composite radiation made by neutrals, ions and light impinges onto the ELENA sensor entrance. A deflector system placed between the main ELENA entrance and the shutter minimizes the ion and electron background radiation before the shuttering system. The internal charge suppressor lens is a stack of particle cross track grids which introduce a transversal E-field able to filter out the bulk of the charge particles of both signs. An ion deflector suppresses the charged particle flux entering inside the ToF chamber.

[image: image1.png]Grid Neutral
system | | atoms

ToF chamber

STOP Collimator

section





Figure 1. ELENA sensor basic concept.
The entrance of the start section (an aperture of about 1 cm2) allows the impinging neutral particles to enter through the shuttering system with a definite timing. Particles are then flown in a ToF chamber, and finally detected by a 1-dimesional array composed by MCPs and a discrete anodes set corresponding to a Field of View (FOV) of 4.5°x76°, allowing the reconstruction of both velocity and direction of the incoming events. The spacecraft footprint track will provide the second dimension
2.1 Grid description

The ELENA shuttering elements consists of two self-standing silicon nitride (Si3N4) membranes,  one facing the other and both patterned with arrays of long and narrow openings (about 200nm wide, see Figure 2a). These nano-slits are fabricated by using Micro and Nano Electromechanical System (MEMS/NEMS) techniques and Electron Beam Lithography (EBL). Details of the fabrication process of the shuttering element are sketched in Figure 2b. The process exploits the anisotropy of the KOH wet etching and uses a 3” silicon wafer, [100] oriented, coated with a 1 (m thick Si3N4 layer on both sides. The patterning of the nanoslit geometry on the silicon nitride layer has been made by using EBL and reactive ion etching (RIE). Then, by means of a “double side mask-aligner” and RIE, we define in the wafer back side, the area of the membrane that will become freely suspended after a wet etching step in a KOH reactor. In the final setup, the whole shuttering element will cover approximately 1x1 cm2 area patterned by ~200nm wide and 2.6µm long openings with a period of 4µm in both x and y directions. By using this process a set of freely standing 1 (m thick, Si3N4 membranes larger than 1cm2 have been also fabricated. These membranes can be also used in order to perform the radiation tests on larger area structures. 
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Figure 2 a) Scanning electron micrograph images of the shuttering elements. b) schematic of the shuttering elements fabrication process
In the case of LENA, that will operate in different environment in term of temperature, UV photons, electrons, protons and especially of heavy ions (Sørensen and Santin, 2009), the possibility of additional coating is under study. 

3 Jupiter Energetic Radiation environment

The plasma regimes experienced by the Laplace spacecraft are the solar wind and the magnetosphere of Jupiter, and varies through the mission as Laplace travels from Earth to Jupiter.

In general, the energetic radiation environment consists of magnetically trapped charged particles, solar protons and galactic cosmic rays. The main radiation hazard during a Jupiter mission will be related to the radiation belts of Jupiter. Jupiter has a very strong magnetic field. The dipole moment of Jupiter is 104   times higher than that of the Earth. Charged particles are trapped by this magnetic field and form powerful radiation belts. In particular, intense fluxes of high-energy electrons  will be most dangerous for sensitive detectors.
According to the Laplace environment specification document (Sørensen and Santin, 2009), the JGO mission phases are listed in the following table.
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Electron fluxes for JGO mission phases are shown in the following figure.
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Even if the spacecraft will be protected by a suitable shielding, throughout the mission in the harsh environment of Jupiter, the exposed parts of the instrumentation will receive a radiation dose up to 100 MRads. In particular, the grids at the LENA instrument entrance aren’t shielded and they are approximately transparent to the high energy electrons that will be free to arrive on the MCP. 
Then two step are necessary: 
· Characterization of electron beam provided by the  DAFNE Beam-Test Facility (BTF). See the document prepared by M. Marisaldi, C. Labanti, F. Fuschino, A. Mauri (INAF-IASF Bologna). 

· After this characterization will be necessary make test with opportune energetic electron beam on the  membranes and on the MCP.
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