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In-Situ Space Charge Measurements on Dielectrics during Electronic Irradiation by PEA X.T. Nguyen, V. Griseri Abstract-Material used is space environment are submitted to a large amount of charged particles. This work is focused on the effect of electrons on PolytetraFluoroEthylene (PTFE) that is commonly found in satellites pieces of equipment. To study the behavior of electrons during and post-irradiation we are mainly using the Pulse Electro Acoustic (PEA) technique in an open configuration. Measurements are performed between two periods of irradiation under vacuum. The space charge profiles obtained are analyzed to understand materials charging phenomena. In the present work we focus our studies on a discharge phenomenon that occurs as soon as the surface potential reaches a threshold value.

I. INTRODUCTION

Polymeric materials are commonly used in spacecraft arrangements because they offer appropriate thermal properties [START_REF] Griseri | Behavior of dielectric in a charging space environment and related anomalies in fight[END_REF]. However due to their dielectric nature they can store charges such as electrons that are present in space environment. The accumulation of charges is possible up to a critical level above which electrostatic discharge occurs. To prevent such violent and disturbing phenomena many studies on those materials are realized in laboratories. In our case we are studying the behavior of electrons post-irradiation by measuring the space charge distribution by the Pulse Electro-Acoustic (PEA) device. In the present work we focus our attention on low energy electrons and discharges phenomena that are occurring at regular intervals during irradiation.

II. EXPERIMENTAL SET-UP

A. The Irradiation Chamber: MATSPACE

The irradiation chamber MATSPACE has been developed in the laboratory a few years ago [START_REF] Griseri | Charge build-up and transport in electron beam irradiated polymers in a new irradiation chamber[END_REF]. It is equipped with a thermionic electron gun. The energy of these electrons can be controlled in the range [10 -100 keV]. The flux of the beam reaching the target is obtained by measuring the current collected with a Faraday cage arrangement connected to a picoampermeter. The electrons beam can be focused or spread thanks to an electromagnetic lens. The larger area that can be covered by the beam is of about 10 cm diameter. Therefore, all the detection pieces of equipment must be located in this area in order to perform various measurements under the same conditions.

B. The Pulse Electro Acoustic Set-up

The PEA device is based on the non-contact model [START_REF] Maeno | Open-PEA system for space charge measurement in dielectrics under irradiation[END_REF][START_REF] Perrin | Measurement of internal chargedistribution in dielectric using the pulsed electro-acoustic method in non-contact Mode[END_REF]. The sample is glued on the bottom electrode to get a good contact and allows the transmission of the acoustic signal. The top electrode is positioned in front of the irradiated electrode between two periods of irradiation to perform measurements. The electrode is located a few millimeters above the surface

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. The Experimental Protocol

In the present case, PolytetraFluroEthylene (PTFE) samples have been studied. 198 and 225 m thick samples from two sheets have been selected for each experiment. The irradiation and measurement alternation was repeated several times. In the first set of experiment PEA measurements were realized after 2 minutes of irradiation and after 30 s for the second set. In each case, the electron energy was fixed to 30 keV and the flux of the beam was of about 1 nA/cm 2 . 

B. Space charge profile analysis

Before recording space charge profile by PEA on irradiated materials it was necessary to record a reference signal. To do so the sample was glued on the back electrode and coated on the opposite surface. A polarization voltage of 1 kV was applied to the sample thanks the metallization whereas the pulse probe voltage of 900 V was brought by the contactless electrode. Due to the air gap between the sample and the electrode the pulse voltage reaching the sample is reduced to 43 V but it remains large enough to get a proper reference signal (Fig. 1). The sample thickness of the reference specimen was of about 198 m. After the first two minutes irradiation the first PEA space charge profile was recorded. The signal after deconvolution is reported in figure 2. A negative peak due to the injected electrons is detected near the irradiated surface whereas a positive peak of induced charges is detected on the back electrode. Due to the sample arrangement the acoustic signal due to the injected electrons is double in amplitude [START_REF] Wadamori | Proposal of numerical analysis model of acoustic wave propagation and generation on PEA method[END_REF]. As expected, the amplitude of the peaks is increasing with the irradiation time. It is noteworthy that the peak of induced charges is really narrow compared to the peak due to the injected electrons. This is due to the properties of PTFE that induce attenuation and dispersion of the acoustic waves in the bulk. In this paper no treatments have been applied to counterbalance these effects. After 8 min irradiation the signal amplitude decays drastically (Fig. 3). In this case a positive peak appears at the interface sample vacuum. Due to the acoustic wave total reflection at that interface a negative peaks appears at 223 m. This peak must not be considered. The extraction of negative charges from the sample was suspected to occur in the vacuum direction. This measurements show that the departure of negative charges near the surface is compensated by the presence of positive entities.

The irradiation procedure alternated with PEA measurements was carried on. Results are reported in figure 4 and5. As before the space charge profile starts to grow-up to a certain extend then decays suddenly. In the charge profile recorded at 12 min and 16 min no positive peaks appear at the irradiated surface. We can expect that even if positive charges are present at the interface they might not be distinguished from negative charges as in the previous cases (after 8 min irradiation) as only the mean charge is observed. Furthermore after charge extraction if the irradiation is continued the positive charges are rapidly recombined with injected electrons and cannot be detected (Fig 45).We must notice that charging and discharging phenomena occur in less than 4 min irradiation in this case. Between 18 and 26 min the electron injection is continued (Fig. 6) and a new discharge is observed for 28 min irradiation (Fig. 3). To get a better understanding of the discharge phenomena the surface potential reached after irradiation was estimated from PEA results by a double integration of the charge density profiles. In figure 7 it can be seen that the potential is decreasing linearly with the irradiation time. The charging slope is changing slightly between two period of discharge. A threshold above which negative charges are extracted seems to be highlighted. Above 16 kV negative charges are suddenly extracted and positive charges appear. To observe positive charges the measurements must be taken in a short interval. In fact, as already mentioned, between 10 and 12 min or 15 and 16 min a negative charge extraction had probably occurred and the charging initiated again. This graph shows also that another discharge had occurred between 16 and 18 min as a small voltage decay is observed. At last, above 32 min irradiation discharges seems to appear in each 2 min interval of electron injection. To determine the mechanism responsible for the charge extraction a new set of experiment was performed. In that case, a tiny change was introduced in the set-up configuration. The PEA bottom electrode was raised above the grounded sample holder for about 1 mm. The aim was to take away the irradiated sample surface from a ground metallic surface. Furthermore the small camera attached on the lateral irradiation chamber window was switched on during irradiation. Space charge profiles obtained look similar to the one recorded and described just before (Fig. 8). In the present case the irradiation time between two measurements was reduced to 30 s to be able to follow the charging discharge process. Surprisingly the first discharge phenomenon occurred after only two minutes of irradiation. In this part of the experiment the electron beam flux was slightly higher than 1 nA/cm 2 and was at the origin of the faster charging process. At that stage, thanks to the camera, we noticed the apparition of a flash at the sample surface that was long enough (in the order of 1 s) to be observed on the recorded film. This observation confirms that the charge extraction occurred from the sample to vacuum and not through the bulk. The space charge profile (Fig. 9) indicates that after 2 min a part of the electron have been replaced by positive charges at the sample surface. The same procedure was continued and the same observation repeated (Fig. 10, 11, 12). As the lighting flash was observed just at the end of the 3 min 30 s irradiation the observed positive peak on the PEA profile was of the highest in amplitude we get (Fig. 9). After the next two discharges (7 min 30 s and 12 min 30 s) electron storage has started again as we cannot detect any positive charges on the profile but only two negative peaks in the irradiated area.

If we analyze the evolution of the surface potential (Fig. 13) we can see that once again there is a linear decrease versus the irradiation time. In the present case the potential reached before discharge occurs seems to be slightly higher than in the previous set of experiment. The maximum value recorded was around 28 kV before discharge. As the sample is irradiated on the whole surface and as the discharge occurs in vacuum surface we suspect that there is a discharge toward the grounded metallic sample holder plate through the sample. When the critical voltage value is reached electrons are extracted to the surrounding grounded area. As we increased the distance between the sample surface and the ground the voltage can goes up slightly before breakdown. This means that discharges occur at the sample boundary. The use of broader specimen is not appropriate to prevent such bypass in our case as the entire sample is irradiated. Another solution consists in leaving more space between the sample and the ground or to use a mask to protect the sample hedge during electron injection. IV. CONCLUSIONS In this work space charge measurements by PEA in the open configuration on PTFE irradiated sample have been realized. It has been shown that when electrons are injected near the surface the surface potential grows quickly. The risk of discharges through the specimen edge occurs as soon as a critical value, that depend on the distance between the surface and the ground, is reached. Positive charges appear at the sample surface. To prevent such unwanted phenomena, the best solution would consist in protecting the sample edge from the irradiation with a mask during bombardment or insulate the sample for the surrounding grounded area by increasing the distances. 
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 1 Fig. 1. PEA charge density signal recorded on a PTFE 198 m thick and used as reference in an open configuration. The sample is submitted to 1 kV polarization voltage and 900 V pulse voltage. The electric field and potential are calculated from the charge density profile
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 2 Fig. 2. In-situ PEA space charge profile recorded after various irradiation period [2-6 min] with a 30 keV electron beam energy on a PTFE sample 198 m thick.
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 3 Fig. 3. In-situ PEA space charge profile recorded after various irradiation period [8-28-36 min] with a 30 keV electron beam energy on a PTFE sample 198 m thick.
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 45 Fig. 4. In-situ PEA space charge profile recorded after various irradiation period [10-12 min] with a 30 keV electron beam energy on a PTFE sample 198 m thick.
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 67 Fig. 6. In-situ PEA space charge profile recorded after various irradiation period [18-26 min] with a 30 keV electron beam energy on a PTFE sample 198 m thick.
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 8 Fig.8. In-situ PEA space charge profile recorded after irradiation from 30 s to 1 min 30 s with a 30 keV electron beam energy on a PTFE sample 225 m thick.
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 9 Fig.9. In-situ PEA space charge profile recorded after discharge phenomena between two period of irradiation under a 30 keV electron beam energy on a PTFE sample 225 m thick.
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 10 Fig. 10. In-situ PEA space charge profile recorded after irradiation from 2 min 30 s to 3 min 30 s with a 30 keV electron beam energy on a PTFE sample 225 m thick.
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 11 Fig. 11. In-situ PEA space charge profile recorded after irradiation from 4 min 30 s to 7 min with a 30 keV electron beam energy on a PTFE sample 225 m thick.
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 1213 Fig. 12. In-situ PEA space charge profile recorded after irradiation from 8 min 30 s to 11 min 30 s with a 30 keV electron beam energy on a PTFE sample 225 m thick.
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