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INTRODUCTION 

An effective and efficient technology to produce atomic oxygen (AtOx) is a key factor for various applications 

and industries. 

One of the primary AtOx applications is space component testing. Material degradation due to impact against 

aggressive mono-atomic oxygen represents a crucial drawback for space structures operating in Low Earth 

Orbit (LEO) regions. Currently available methods for materials validation testing suffer of lack of reliable 

environment simulation, owing to the hard challenge to provide an a priori defined AtOx irradiation rate.  

The AtOx testing device based on Pseudo-Spark technology is able to reproduce given exposure conditions: 

the variable AtOx fluence and irradiation energy in LEO range can be set-up and time-tuned by remote control 

of equipment working parameters (discharge voltage and frequency). 

Sterilization applications represent another promising field of application of atomic oxygen. AtOx is in fact a 

powerful sterilization agent able to remove biological contaminants from surfaces. 

ATOX FACILITY 

Noivion in collaboration with Kairospace s.r.l. have developed a modified Ionized Jet Deposition (IJD) source 

in order to produce a tunable flux of high energy atomic oxygen (AtOx). IJD is a Physical Vacuum Deposition 

(PVD) technique based on pulsed electron ablation: the equipment employs a special pulsed electron source 

(the ‘gun’) able to generate ultra-short and high power electric discharges in vacuum. The discharge is 

supported by a gas jet and directed toward the desired targets placed inside a reaction chamber (Fig.1). 

The modified IJD system has demonstrated to be able to produce large AtOx fractions: the method is based 

on the ionization of a gas stream flowing through a metallic nozzle which serves simultaneously as the 

auxiliary electrode for the plasma discharge ignition. A high voltage pulse with an amplitude of up to 25kV 

and a duration of less than 1µs is applied to the cathode, through a system of trigger and auxiliary electrodes, 

causing a strong ionization of the gas jet. The AtOx testing device based on the Pseudo-Spark technology is 

able to reproduce given exposure conditions: the variable AtOx fluence and irradiation energy in LEO range 

can be set-up and time-tuned by remote control of equipment working parameters (discharge voltage and 

frequency). 

Noivion in partnership with Kairospace can offer: 

• AtOx exposure service 

• AtOx sources to be installed on customer vacuum chamber 

• Customized turn-key AtOx systems.  
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SPECTROSCOPIC ANALYSIS 

Along a ground-test the plasma flux (Fig.2) is monitored by means of a photonic multichannel analyzer 

(Flame-T-XR1-ES Spectrometer - Ocean Insight) in order to establish the effective presence of mono-atomic 

oxygen. Fig.3 shows typical UV and visible light emission spectra from discharges in oxygen at a pressure of 

about 10-3 mbar that were measured on the axis of the chamber. When oxygen is introduced into the chamber, 

the peak of oxygen radicals (OI triplets) is revealed at 777 nm in the spectrum, as evident in the enlarged 

inset. The fast oxygen atom exhibits, in fact, fluorescence dominantly from the 777.6 nm O(P) → O(S) 

transition: this excited state is produced by electron-ion recombination of residual O+ in the beam ( O+  + e− + 

e− → O + e− ), thus the AtOx generation is confirmed monitoring the neutral oxygen atom transition at such 

wavelength produced through de-excitation [1][2][3]. 

 

 

Figure 1 – Atomic Oxygen facility and experimental set-up. 
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Figure 2 – Oxygen plasma jet inside the reaction chamber during IJD discharge. 

 

 

 

Figure 3a – Samples exposed to oxygen plasma jet 
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Figure 4 – AtOx flux characterization by spectrophotometer analysis: the bottom plot represents the 

enlargement of the shaded region (750-790 nm) on the full spectrum above (200-1050 nm), where the 

main peak is registered. 
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ATOX FLUX CALIBRATION 

Following the standard guidelines for AtOx testing, the effective O-plasma flux (intended as number of oxygen 

atoms impacting the target for units of time and area) produced within the reaction chamber is evaluated by 

analyzing the erosion due to AtOx exposure at given conditions experienced by witness samples of Kapton 

HN, which is a material considered as reference as far as the rate of erosion by AtOx irradiation is concerned 

[4]. The erosion rate (EY) indicates the volume of the material under test (MUT) eroded by every single hitting 

O atom: it is commonly given in [cm3/at.], and can be expressed as 

 

𝐸𝑌 =
𝛥𝑀

𝐴 𝜌 𝐹
                          (1) 

 

where ΔM [g] is the loss of mass registered at the end of the test, ρ [g/cm3] is the material density, A [cm2] is 

the exposed surface, and F [at./cm2] is the as-called test ‘fluence’ (number of particle impinging the target 

unit area during the whole exposure), which is of course the integration of the flux ( f [at./s∙cm2]) over the test 

duration (t [s] ). Thus, after a test performed over a Kapton HN sample ( ρK = 1.42 g/cm3, EY
K = 3 × 10-24 cm3/at. ) 

having fixed exposure surface (AK) and time (tK), from the measured mass loss ΔMK the effective average test 

flux is evaluated as 

 

𝑓 =
𝛥𝑀𝐾

𝐴𝐾  𝜌𝐾 𝐸𝑌
𝐾  𝑡𝐾

                (2) 

 

Some pictures of the calibration set-up are given in Fig.4. Weight measurements are performed by means of 

high sensitivity microbalance (Sartorius M2P, ISO.1 – Accredia, precision 1 μg). Before AtOx irradiation, the 

samples are pre-conditioned in high vacuum (~10-4 mbar) for enough duration to achieve full dehydration, in 

order to avoid (in such high sensitive measure) the weight loss systematic over-estimation due to moisture 

evaporation by setting typical operative environmental conditions. The samples are embedded within an 

inert metal-based mask, leaving an exposed spot of size ~1.33 cm2. After previous system calibration tests, 

the following IJD-device working parameters were selected: discharge voltage 10 kV, frequency 30 Hz. A heat 

dissipative component is locked on the sample holder back, in order to prevent excessive temperature 

raising during the plasma irradiation: in the adopted set-up, during the test the max temperatures registered 

by thermocouples located near the sample are 150-165 °C. Lower sample temperature can be achieved by 

means of an optional water cooled sample holder. Several Kapton HN samples are tested for different 

durations, in order to estimate accurately the effective AtOx flux by minimizing uncertainties due to non-

linear erosion behavior [5][6][7]. 
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Figure 5 – AtOx flux calibration set-up: (a) Kapton HN sample weight measurement by 1 μg sensitivity 

balance after moisture desorption and before AtOx irradiation, (b) metallic sample holder, exposed 

area ~1.33 cm2, (c) sample holder housing within the chamber at distance ~ 20 cm from the plasma 

gun nozzle, with a supporting thermocouple and the locked heat-dissipative copper element, (d) two 

Kapton HN samples after AtOx test at growing exposure times (left-to-right) showing increasing 

degradation over the exposed surface. 
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In Fig.5 the calibration results from Kapton HN material tested at four different times of AtOx exposure are 

given, together with a log-regression curve estimating the value of the effective flux (optimization performed 

on the general relationship  f = A + B ∙ exp[−C ∙ t] , with A,B,C positive constants, the former representing the 

asymptotic value). In the adopted conditions, the AtOx flux was thus established around 5÷6 × 1015 at./s∙cm2. 

Based on the flux evaluation, a broad estimation of the atomic oxygen velocity/energy can be given from the 

values of the differential pressure monitored during gas discharge along the several tests carried out over 

Kapton HN samples: with the selected parameters the estimated velocity lies in a range of 4-8 km/s, for a 

corresponding energy of 1-5 eV. Such operating conditions (which are in agreement to what reported in 

literature regarding analogous AtOx beam generation techniques, as well as the results of Kapton HN mass 

loss percentage at the adopted AtOx fluences, [8][9][10][11]) are consistent with the standard guidelines to 

perform ground test simulating the AtOx aging experienced by space objects in the most explored part of 

LEO region. 

 

 

Figure 6 – AtOx flux evaluation by measurements of Kapton HN erosion at different exposure times. 
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EXAMPLE OF MUT GROUND-TESTING & ANALYSIS 

 (commitment: NUS Temasek Laboratories - Singapore) 

MUT AtOx characterization:  

(a) De-hydration step in vacuum chamber  

(b) MUT specimen insertion within the sample holder 

(c) MUT specimen weight measurement before irradiation  

(d) MUT samples after AtOx irradiation 

 

SEM/EDX (or optical) characterization  

a b 

c d 
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