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Summary
This work reports on the effects of neutron and gamma photons radiation on the electromechanical properties of different materials that are typically used in microelectromechanical systems (MEMS) fabrication. So far the effects of displacement damage due to a total neutron dose of 15.9 kGy on the elastic properties of single crystal Si and Si3N4 thin films have been investigated. In parallel radiation induced charging of dielectrics was studied using metal insulator semiconductor (MIS) structures fabricated from 500 nm thick thermal SiO2 and 20 nm thick Al2O3 obtained by atomic layer deposition (ALD). The MIS capacitors have been exposed to neutron doses ranging between 0.1 kGy and 5 kGy and the radiation induced damage was investigated.
Motivation and results

Space applications could benefit from MEMS technology provided the effects of radiation, extreme temperatures, thermal cycling, vibration and shocks on different MEMS designs are well understood [10]. Most tests to date were performed on commercial components [3], or on metal insulator metal (MIM) structures [8] and have revealed the proneness of MEMS devices which operate based on electrostatic principles to radiation induced dielectric charging [2]. The response of piezoresistive and PZT actuated MEMS was also found to change after exposure to different types of radiation [4]-[7]. The effect of radiation and especially neutrons on different properties of thin films and notably on their mechanical response has not been fully studied [9]. This is even more so with materials that have been prepared by atomic layer deposition.

Mechanical testing was performed using the on-chip testing structures which have been developed in UCL [1]. In figure 1 a SEM micrograph of a micromachine with a 275 nm thick Si3N4 beam serving as the actuator and a 100 nm thick Si sample is shown. The mismatch strain in the actuator film after exposure to a total neutron dose of 15.9 kGy is plotted and statistically analyzed in figure 2. In figure 3 the experimental results and the statistical analysis performed on non- irradiated and on irradiated Si samples, assuming that Si3N4 properties did not change, are depicted. Resonant tests of the Si3N4 beams are currently underway aiming at checking the validity of the assumption. In table 1 the calculated 90 % confidence intervals of the actuator mismatch strain and the Young’s modulus of Si before and after neutron irradiation are summarized. 
Trapped charges are calculated from the shift in the capacitance vs voltage characteristics of MIS structures [11]. Quasi-static and high frequency measurements were combined to calculate the number of interface states on the Si surface. Preliminary results from thermal oxide and ALD Al2O3 samples show an increase in both trapped charges and surface states with neutron dose (figures 4 and 5).

We are currently experimenting with commonly encountered in MEMS MIM structures fabricated from sol-gel deposited ferroelectric PZT, PST and rf-sputter deposited piezoelectric ZnO films to investigate radiation effects on the electric, ferroelectric and piezoelectric properties of these materials. Charge trapping in LPCVD and PECVD Si3N4 and ALD Al2O3 deposited at low temperatures will be also studied.
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Fig. 1: SEM micrograph of a micromachine for Si testing. The load on the tested sample is due to the built in thermal strain in the LPCVD Si3N4 actuator part.  
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Fig. 2: Actuator mismatch strain data after neutron irradiation and normal distribution fit. 
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Fig. 3: Si Young’s modulus data before and after exposure to a 1.59 MRad neutron dose. The data have been statistically analyzed using normal distributions.
Table 1: 90 % confidence intervals of the actuator mismatch strain and the Young’s modulus of Si before and after neutron irradiation.

	
	before
	after

	ϵmis x103
	3.25 ± 0.15
	3.01 ± 0.18

	ESi (GPa)
	173 ± 25
	163 ± 29
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Fig. 4: Trapped charge in irradiated thermal oxide film for different neutron doses.
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Fig. 5: Interface state density as a function of neutron dose for MIS capacitors fabricated from thermally grown SiO2 and Al2O3 deposited by ALD.

