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Radiation Tests with a Custom Proton Irradiation Chamber

Enrico Borsato, Lorenzo Castellani, Flavio Dal Corso, Ivano Lippi, Luciano Modenese, Fabio Montecassiano, Pierluigi Zotto
Abstract— We developed a Proton Irradiation Chamber for direct proton irradiation of electronics devices at the 7 MV Van de Graaf accelerator at INFN National Laboratories. A great precision on measuring the ions currents, beyond the used picoammeter's resolution, was reached by means of a series of collimators on the beam that allows a linear correlation among their measurable currents and the smaller - not measurable - current on the target. We irradiated two kind of devices: a Si microdosimeter and a power MOSFET. The latter case is also an example of irradiation technique useful when the target is bigger of the available beam and it can be irradiated only partially. Then the behaviour of the device in the case of a full irradiation was reconstruced.
Index Terms—Radiation Monitoring, Radiation Effects, Silicon Devices, Measurement Techniques, Power MOSFET, Dosimetry

I. INTRODUCTION
T
HE Proton Irradiation Chamber is a Faraday cup that was developed to cope with some use cases at the 7 MV Van de Graaf accelerator at INFN National Laboratories:
· measurements with neutrons obtained by proton scattering on a target (thick Be, LiF)

· direct irradiation of the detector

· low energy radiation resistance tests

The achievement of a trustable measurement of the ions current hitting the target is important in any of these tests. It must be directly measured in the first case and indirectly obtained in the other two. In the direct irradiation tests the estimate must be in picoampere range or even below. 

The chamber, shown in Fig. 1, is built using several blocks in order to fulfill the requirements. 
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Fig. 1 – Pictures of the Proton Irradiation Chamber: (a) overview of the chamber; (b) detail of the detector arrangement; (c) sketch of the set-up. 

The first block is a set of collimators (C1, C2 e C3) made of a 0.25 mm thick tantalum foil with circular holes of 5 mm, 2.5 mm and 0.5 mm diameter respectively. Collimator C3 is in fact composed by two identical collimators put at 4 cm distance, whose task is the reduction of the beam divergence. The collimator block is followed by a removable beam stopper (C4) made of a 0.25 mm tantalum foil intercepting the collimated beam and is used for tests and calibration.  Each collimator and the beam stopper are readout independently. C4 can be replaced by any required target in order to allow measurements of the first foreseen use case. The last block is put on a movable arm and is made of two pieces: the detector to be tested and an alignment system Q) composed by four tantalum quadrants, each one readout independently, delimiting a cross shaped region. The cross centre is put at known distance from the detector. Both movable arms are remotely controlled by a step motor whose minimum step is 5.2 mrad equivalent to ~0.5 mm displacement of the detector block 

II. Estimation of fluence on detector

The estimation of the particle fluence on the detector is relevant for direct irradiations and non-metallic targets, since any metallic target can be directly measured. In the ideal case of a flat beam profile it is a simple geometrical exercise, while it needs a calibration otherwise. The flattest profile is obtained by beam defocusing. Even in this situation the beam is quite unstable and with the same parameters the beam controls miss repeatability on a daily basis (the accelerator does not work continuously: it is switched on in the morning and off in the evening of every working day). Hence a daily calibration is required for a trustable estimation of the ions fluence on the detector. 

The easiest estimation method implies finding a functional relationship between the current on C4 and the current in any of the collimators. Fitting this relationship on calibration data and using it once C4 is removed, would solve the problem. Practically, since an extrapolation must be done, the method is usable only if the law is linear. Fig. 2 shows that this is indeed the case: the average current measured in short runs at different beam intensities by any of the collimators and the beam stopper roughly follows a proportional law, showing also that the current on C4 becomes rapidly unmeasurable. 

[image: image2.wmf]
Fig. 2 - Correlation between the average current measured in C1 and the current measured in C2, C3 and C4. 
The linear nature of the relationship allows a safe extrapolation to lower currents once it is determined at higher currents. The extrapolation can be trusted until the current on C3 is measurable. 

[image: image3.jpg]20 25

15

10

i3(nA)

g i S

(VU) Pa12nI1SU0d34 71




Fig. 3 – Correlation between the current on C4 as reconstructed by the calibration algorithm and the current measured in C3. The different colours and fitted lines refer to different days of data taking.
The correlation between the current reconstructed on C4 and the current on C3 as measured in different days is reported in Fig. 3. The seen daily variation is associated to the already reported unpredictability of the status of the machine every time it is brought back to operation.
III. Radiation tests

We irradiated three microdosimeters produced for the MICROSI INFN experiment [1] and a power MOS to be used in the CMS experiment [2] at LHC with 5 MeV protons. The ICs were biased and bias currents were continuously monitored during the irradiation. 

In the MICROSI chips case detector B was continuously irradiated while the others were irradiated in two sessions after annealing at room temperature. The MICROSI detector is composed by two superposed stages, called E and E, measuring the total proton energy and the energy deposit per unit length respectevely. 
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Fig 4 – Bias current for detector B on the E stage (left) and on the E stage (right) as a function of the absorbed dose of the figure in the caption.

The bias current for detector B is reported in Fig. 4: it increased rapidly with the dose in both stages, but the current increase was really relevant for the E stage while varying much less for the E stage as expected due to the important volume difference of the two stages. 

The current drawn by the E stage for the irradiated detectors is shown in Fig. 5 as a function of the absorbed dose. Detector A and C were irradiated in two periods leaving a month and two days for annealing at room temperature to see the extent of performance recovery. They indeed partially recover, but they eventually behaves as detector B. The recovery magnitude was 56% for both detectors independently of the annealing time.
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Fig. 5 – Bias current on the E stage biased at V = 60V after different radiation doses for two detectors. Detector A annealed at room temperature for a month after absorbing a 4.8 kGy dose of the figure in the caption.

The MOS was irradiated only partially showing the behaviour reported in Fig. 6, but given its parallel transistors layout feature it was possible to extrapolate the measurement in order to evaluate the damage on a fully irradiated device. 
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Fig. 6 – Resistance variation of the irradiated MOS channels as a function of absorbed dose. 
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