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This document summarizes the configuration of the X-ray irradiation system of the ESE-
ME section at CERN, and provides the most recent calibration curves in the appendix. 
These curves have to be used to calculate the dose rate to which the Device Under Test 
(DUT) is exposed as a function of the X-ray tube parameters (voltage, current) and of its 
distance from the DUT.

1.Mechanical configuration
The configuration has been recently changed to allow exposures with the DUT closer to 
the tube, hence obtaining higher dose rates. This is a consequence of the recent need for 
larger TID levels required to test microelectronics in view of LHC detectors’ upgrades. The 
main change is the position of the laser pointer helping the user centering the DUT with 
respect to the X-ray beam. Now the laser pointer is fixed, pointing down towards the DUT, 
at a fixed distance from the X-ray beam. This is shown in the figure below.

�

When positioning the DUT, the user turns on the laser pointer and places it in the centre of 
the red laser beam. The distance between the metal plate where the Al filter is placed and 
the DUT has to be measured with good precision, since the dose rate depends on that 
(calibration curves are provided at distances of 1, 2, 3, 5, 8, 18 and 36cm). This has to be 
done with the help of a reference tool precisely cut at 3cm: this tool is used to position the 
metal plate with the Al filter at 3cm from the DUT; then the distance can be varied precisely 
with the help of the manual z-axis meter shown in the figure below. It should be added that 
the laser beam is well aligned at an angle of 90 degrees with the plan of the sample: the 
laser spot remains to a good approximation in the same position when the tube is at 1cm 
or when the distance is increased to 36cm. On the other hand, this is not perfectly true for 
the X-rays beam - as will be shown later.
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Once the z distance DUT-tube is correct, and the DUT is centred with respect to the laser 
beam, the X-Y step motor is used to move the tube, which is then centred on top of the 
DUT. The distance between the beam centre and the laser is fixed, and a Labview-based 
software controls (via RS232) the step motor and has pre-set positions for the beam, the 
laser and a CCD camera (a one-page manual is available in the lab).
The Labview program controlling the step motor runs on the local PC, fwhere the user 
needs to login under her/his own account.

�

2.Size and shape of the X-ray beam
When positioning the DUT, it is important to consider the size and shape of the X-ray 
beam. This has been measured in two ways: with the PIN diodes used for calibration, or 
with the help of dosimetric films. The latter give an immediate qualitative view of the beam 
shape: in the figure below the film has the size of 1x1cm and is positioned at 1cm distance 
from the X-ray tube (the plate where the Al filter is attached). The film is position so that 
the laser beam is approximately in its centre, and it is then exposed to a TID of about 
15Mrad (estimated peak intensity of the beam). The resulting image illustrates the size and 
shape of the beam.

�
The beam is not a circle, and it is not centred around its peak intensity point. This 
qualitative image is refined with the help of the calibrated PIN diodes. One of the diodes is 
positioned under the laser beam, then the X-Y step motor is moved to the beam position. 
The tube is then turned on, and the current reading is recorded for that position (labelled 
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as 0,0 in coordinates). The tube is then moved in steps of 0.75mm, and a reading is 
recorded for all positions. The result is a matrix of readings, where each reading is 
proportional to the X-ray intensity. As an example, the following matrix has been compiled 
at a distance of 2cm from the tube. The figure is oriented “as if the user is looking at the 
beam from the door of the X-ray cabinet”. Numbers are written upside down because the 
image, produced when moving the tube, has to be rotated by 180 degrees to obtain the 
orientation intuitive for the user.
The user has to position the DUT for the irradiation with this image in mind. The laser 
corresponds to the 0,0 square, and the colour code shows the decrease in intensity 
around it. The colour code is shown below.

�

�

At 2cm distance the region where the intensity is within 15% of the peak is about 4.5mm in 
X and 3mm in Y. As already noticed in the image of the dosimetric film, the peak intensity 
is not centred in the middle of the beam. It should be noted that the calibration of section 3 
is performed at position 0,0 rather than at the peak intensity, therefore the dose rate in the 
4.5x3mm area is within +5% to -10% of the value obtained from calibration.
It has to be expected that the absolute size of the beam depends on the distance DUT-
tube, while the shape should remain roughly similar. To get an idea of how the beam size 
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changes with distance, a simplified matrix has been produced also for different distances 
from the tube. They are reported hereafter. It can be seen that the tube is not perfectly 
aligned at 90 degrees with respect to the horizontal plane (where the DUT is positioned). 
The peak position in red appears to shift away at 8cm distance. This has to be considered 
when irradiating at much larger distance (36cm), because the calibration always refer to 
the 0,0 position - so at large distances the peak dose rate might be larger than the one 
quoted in the calibration (at 0,0), but a few mm away from the laser pointer in the Y 
direction.

1cm distance:

�

3cm distance:

�

8cm distance (notice how the scale has now changed by a factor of 2):

�
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3.Calibration curves
Calibration has been performed as usual with the PIN diodes from Quantrad. These 
diodes (we have 2 of them) have been pre-calibrated: a curve yielding the dose rate as a 
function of the current is available for both. Calibration is made measuring the diode 
current, at a given X-ray tube voltage, for 5 different tube currents and with the diode in 
position 0,0 (this is not really the peak intensity, but it is roughly the middle of the region 
with the highest intensity). For each of these, the dose rate is obtained by the calibration 
curve of the diode. A fit is then done, forcing the intercept to a dose rate of 0, to obtain the 
dose rate at any current. The procedure is repeated for different voltages and for different 
distances DUT-tube, and the full set of calibration curves is reported hereafter.
These curves have to be taken to obtain the dose rate in any condition. However, it is 
important to consider that the dose rate so obtained is not very precise. There is already a 
difference in the dose rate obtained with the two available pre-calibrated diodes. One of 
them is systematically used for the calibration, and the dose rates quoted are based on the 
measurements with that diode. However, when the other diode is used, a larger dose rate 
is obtained (about 13-14% larger in the conditions used, namely 2cm, 40kV, 40 and 
60mA).
An additional quantitative calibration has been made with the help of dosimetric films from 
FWT. These films, pre-cut in squares of 1x1cm, are from the FWT-60 series of 
radiachromic dosimeters. A film 40um thick has been used, so that the dose rate is 
approximately uniform across its whole thickness. The film has been exposed in given 
conditions (1cm distance, 40kV, 50mA, 100minutes) and the TID accumulated has been 
measured with the dedicated reading instrument. The reading refer to the centre of the 
film: since the film has been centred approximately with the laser beam, it is possible that 
an error arises from this approximate positioning - maybe the film centre was not precisely 
in the peak position of the beam. However, the alignment was sufficiently good so that the 
region with the peak 10-15% beam intensity covered the centre of the film. Two films have 
been exposed in this way, and their average TID and resulting dose rate (in SiO2) was
133 krad(SiO2)/min.
The TID in the film is normally expressed in the FWT film material: it was hence necessary 
to compute the required conversion coefficient (from the ratio of the mass absorption 
coefficients) to translate the TID in SiO2. This coefficient was found by the weighted 
average of the mass absorption over the range 6-40keV, where the weighting was done 
with the X-ray tube spectrum obtained for the correct tube configuration (40kV bias, W 
target, Be filter of 250um for the tube exit window, Al filter of 150um).
From the calibration done with the PIN diodes, the expected dose rate in the same 
conditions is 149.1 krad(SiO2)/min. This is the value obtained with the diode typically used 
for the calibration curves (the other diode would give a dose rate 13-14% larger). With 
respect to this value, the one obtained with the film is about 11% smaller.
To summarize the available calibration data, the values reported in the figures below are 
obtained with one of the calibrated diodes: the use of the second diode or of a completely 
different instrument (radiachromic films) yield a dose rate which is within +14% -11%. So it 
is reasonable to assume that the dose rate provided to the users is precise to within ±20%.
It should also been noted that a comparison of the damage at both high and low dose rate 
in 130 and 65nm devices has been done at the X-ray facility and at two 60Co sources. In 
similar conditions (dose rate, temperature, bias) the damage at the X-ray compared very 
well with the damage at the 60Co facilities. This confirmed that the calibration at the X-ray 
machine is very reasonably correct.
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