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VALIDATION OF ATOMIC OXYGEN ACTIVE DETECTOR RESISTACK

This paper reports on the validation of the active atomic oxygen (AO) sensor RESISTACK. Prototypes made of 5 metallized Kapton AP layers have been tested at MSU (Montana, USA). The response to AO beam validates the original concept of this active detector.

INTRODUCTION

Atomic oxygen (AO) is the main component of the residual atmosphere present at low earth orbit. The main consequence is erosion of surface materials. Some classes of materials are stable under AO attack (oxides for instance) and incoming flux is then re-emitted with specific angular and energy distributions. In case of sensitive materials, typically 90% of the incoming flux is also re-emitted. Then multiple reflections can locally enhance or lower erosion rate in complex geometry. Modelling tools (example ATOMOX TM ) may account for these multiple reflections but physical parameters are often not known (accommodation coefficient for instance) or calculation approach may be too simplistic (angle or energy effect not taken into account).

Therefore flight data and detectors are still of great interest to actually evaluate erosion rate in operational condition. The concept of a light/low power/small size/low cost active detector is proposed in this context. RESISTACK is a stacking of metallized polymer films acting a set of resistances in parallel: the total resistance R eq gradually increases each time a layer is fully eroded (opens "switch"); the number and thickness of layers define the range of fluence that can be monitored and the accuracy of detection [START_REF] Duzellier | RESISTACK: a new detector for atomic oxygen[END_REF]. Manufacturing is based on standard PCB process (space qualified) leading to a light/low power/low cost detector (Fig. 1).

Fig. 1 -Resistack prototype

Large panels of 10 devices (one layer can be seen in Fig. 2) are manufactured. Finally, each assembly is based on stacking of 5 foils of 25µm AP Kapton (Pyralux from Dupont). Several prototypes were developed to optimize and validate the process. Conductive layer optimal thickness was set to 150nm (silver layer) providing adequate response in terms of resistance (few tens to hundreds of ohms) whereas good adherence on Kapton is ensured and acceptable yield of assembly process (2 hours pressure at 150°C under vacuum). As can be seen in Table 1, only one device is (sn 5) is not fully functional and exhibit R discrepancies between layers. The difference in R between devices is due to the device position relatively to silver target (evaporation). However, as each layer is used as a switch, these differences are not critical: only the R eq matters.

TEST DESCRIPTION

The main objectives of this AO test campaign were to validate and calibrate sensors response: • Checking of the evolution of resistance with fluence and agreement with prediction, • Checking for the absence of parasitic effects such as influence of upper layer erosion on lower layers erosion, reflections, edge effects ….).

Test conditions

RESISTACK operation consists in continuous and automatic measure of resistance in order to detect complete erosion of each layer (further correlated to fluence for a given thickness layer). It is performed with Keithley multimeters and GPIB/LabVIEW monitoring. Two RESISTACK assemblies are mounted on sample plate (Fig. 4). Kapton H foils are used as a reference for calibrated measure of received total fluence (profilometry measurement). 

RESULTS AND POST-ANALYSIS

The testing at MSU shows good response of RESISTACK to AO exposure. Fig. 5 presents the evolution of resistance with time of exposure for one sample. First observation is that "detection is sharp" i.e time for rupture of silver layer is small compared to time for full erosion of Kapton AP layer.

Fig. 5 -RESISTACK response to AO beam (equivalent resistance vs time in seconds)

As can be observed here, 3 out 5 foils have been detected as fully eroded. Visual inspection has shown quite homogeneous erosion of layers (no edge effects). Based on measure of total fluence with Kapton H reference samples, it comes: Calculation of associated fluence and erosion rate shows quite good reproducibility between layers and the absence of parasitic effect on detection induced by stacking of foils. The measured erosion rate measured is of the order of magnitude of "traditional" Kapton H. However, further analysis of data shows some discrepancies for rupture feature between layers leading to uncertainties on "measured" fluence at event (Fig. 6).

Fig. 6 -Features of R step increases showing different features of rupture between layers (top left to right then bottom: from layer 1 to 3).

Indeed, R increase phases extend over 5, 45 and 20 minutes of exposure respectively with layer 1, 2 and 3.

It is assumed to be due to 1. Mechanical stressing that contributes to the rupture of the layer just before full erosion (when foil is so thin and embrittled by erosion, Fig. 7). 2. The presence of surface treatment for adhesion to copper that introduces an offset (Fig. 8). Mechanical stress at layer level is produced when compression under vacuum is applied at manufacturing. Partial pressure remains between layers inducing "pull" stress. This effect can be avoided by adding venting holes. Post analysis (cross-section) revealed a 4µm/18µm/4µm structure of the "adhesiveless" Kapton AP foil with surface layers of unknown composition (Fig. 8). Finally, it will be solved with the purchase of "true adhesiveless" 12.5µm Kapton AC foils. Reproducibility between layers is fairly good but can be improved with minor modification of manufacturing process (venting holes). Improvements are also planned using thinner Kapton foils (12.5µm Kapton AC). 

Fig. 2 -

 2 Fig. 2 -a single metallized Kapton AP film with 10 devices (silver deposited by evaporation at ONERA). Conductive silver has a comb-shape to cover the whole detection surface (about 1cm² here). Metallized via allows to connect and measure each foil individually.

Fig. 3 -

 3 Fig. 3 -LabVIEW interface for resistance monitoring of two RESISTACK assemblies in parallel. The MSU facility is equipped with a laser detonation (hyperthermal) atomic oxygen beam source. Main exposure conditions are: • Continuous exposure, • flux: few 10 15 AO/cm².s, • Energy 5 eV, The 1.6x1.6 cm² detector surface is small enough to consider non-uniformity of beam as negligible. During exposure, Time-of-Flight measurement is performed every 500 seconds (1000 laser pulses) to check for beam stability (energy and flux).Two RESISTACK assemblies are mounted on sample plate (Fig.4). Kapton H foils are used as a reference for calibrated measure of received total fluence (profilometry measurement).

Fig. 4 -

 4 Fig. 4 -Two RESISTACK prototypes made of 5 active layers (25µm thick) with two Kapton H references (round) mounted on MSU sample frame.

Fig. 7 -

 7 Fig. 7 -A large crack is at the origin of the rupture of layer 3 i.e. before complete erosion. The remaining thickness is assumed to be very thin (few µm?).

Fig. 8 -

 8 Fig. 8 -Cross-section of "adhesiveless" 25µm AP Kapton foil used for the AO tested Resistack prototype.

Table 1 -Resistance R values in Ω for each layer of the 10 devices (prototype 3 to be tested at MSU). Ag thickness 150µm, Kapton AP 25µm, layer from bottom 1 to top 5.
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						Device #			
	layer 1	2	3	4	5	6	7	8	9	10
	5	34	25 27 31 X	26 19 21 26 57
	4	41	31 29 44 90	32 24 24 31 62
	3	41	30 33 45 102 30 23 25 34 83
	2	39	28 29 43 124 31 22 23 32 75
	1	40	27 27 36 67	32 22 21 28 52

Table 2 -Estimated fluence and erosion rate per layer based on total fluence measured by Kapton H reference samples (ratio of event/total time of exposure).
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	event	Theoretical	Erosion rate
		Fluence	(cm 3 /AO)
		(AO/cm²)	
	1 (25µm)	1,18 10 21	2.11 10 -24
	2 (25-> 50µm)	1,01 10 21	2.4 10 -24
	3 (50-> 75µm)	1,11 10 21	2.25 10 -24
	mean	1.10 10 21	2.21 10 -24
		±8.54 10 19	±1.19 10 -25

ACKNOLEDGMENT

Thanks to the CIRETEC team for their work and contribution.