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Abstract. A novel thin-film imaging detector for X-rays, based on photoluminescence
from aggregate color centers in lithium fluoride, has been proposed and tested. The
detector consists in a radiation-sensitive thin film of lithium fluoride thermally
evaporated on a glass substrate. The morphological properties of the lithium fluoride
thin films, which influence the detector performances, have been investigated.

1. Introduction
Among alkali halides, lithium fluoride (LiF) is particularly interesting because it is practically not
hygroscopic, it possesses good physical and optical properties and it can host laser active electronic
defects stable at room temperature (RT). Various kinds of radiation can generate stable primary and
aggregate defects, known as color centers (CC) [1] in LiF crystals and thin films. Some of these CC are
optically active and emit photoluminescence efficiently in the visible spectral range at RT, under optical
pumping. The primary CC is the F one, which consists of an anionic vacancy occupied by an electron. Its
absorption band is located at around 248 nm and up to now the photoluminescence originating from the F
defect in LiF has not been detected unambiguosly. The aggregate centers F 2 and F3+ (two electrons bound
to two and three anion vacancies, respectively) possess almost overlapping absorption bands, around 450
nm, generally called M band [2]; under optical pumping in this spectral region, at RT they emit broad
photoluminescence bands peaked at 678 nm and 541 nm for F 2 and F3+ CC, respectively. Due to these
properties, LiF is a radiation-sensitive dielectric material well-known in dosimetry [3] and utilized in
optoelectronic devices [4-7].

2. Novel lithium fluoride imaging film detectors
In recent years the area of growth, characterization and coloration of LiF thin films has seen a
considerable expansion [8]. Polycrystalline LiF films grown by thermal evaporation were proposed for
gamma dosimetry [9], as nuclear sensors for neutrons [10,11] and as novel soft X-ray imaging detectors
[12] based on F2 and F3+ photoluminescence.
Recently the use of LiF thin films as innovative X-ray imaging detectors based on photoluminescence
from optically active CC in LiF thin films [13] has been successfully extended to higher energies, up to
10 keV [14]. Their main peculiarities [12,14], which are intrinsic high spatial resolution on a large field of
view, wide dynamic range, easiness of handling and versatility make a very powerful tool to reveal X
radiation eventually emitted during low energy nuclear reactions (LENR)experiments.
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Fig. 1 – Attenuation length of X-rays in lithium fluoride as a function of their energy.

3. Experimental results and discussion
The electro-magnetic radiation interacts with the matter by three processes: photoelectric effect, Compton
effect and electron-positron pair creation. Depending on X-rays energy, their penetration in LiF ranges
from few tens of nanometers to several hundreds of micrometers; the deposited energy per unit length is
constant in a certain material and the radiation intensity along the depth decreases as an exponential
function, approximately. Figure 1 shows the attenuation length of X-rays in LiF as a function of their
energy, below the Ni K edge (8.333 keV). The exposure to X-rays produces the stable formation of CC
in LiF in layers of thickness comparable with their attenuation length.
Uniform thickness, good optical quality, polycrystalline LiF films of different thicknesses, from 0.1 to 4
m, have been grown by thermal evaporation [8] on heated amorphous and crystalline substrates. The
substrates were clamped to a rotating plate, controlled at fixed temperatures up to 350 °C during the
deposition process. The starting material consists of LiF microcrystalline powder (Merck Suprapur,
99.99% pure), heated at about 800°C in a tantalum crucible, placed below the substrate at a distance of 22
cm, under a typical vacuum pressure below 5 10-6 mbar. The evaporation rate, monitored in situ by an
INFICON quartz oscillator, was controlled at a fixed value of 1 nm/s during the growth. The total
thickness of the deposited films was also directly measured by using a Tencor Alpha-Step 200
profilometer. The morphological analysis was performed by an Assing Perception Device Atomic Force
Microscope (AFM) equipped with a Veeco MLCT-AUNM-10 tip operating in contact mode, maximum
scan area of (25 x 25) m2 and a z-axis range of 5 m. The estimated relative error for x, y and z axis is
~3%. Measurements are performed with a resolution of 257 x 257 points on xy plane (sample plane).
The structural, morphological and optical properties of the films grown on optically transparent
amorphous substrates, like glass and silica, are dependent on the deposition parameters, in particular the
substrate temperature, which influences the features of films of different thickness and the stable
formation of primary and aggregate color centers [15].
Figure 2 shows the two-dimensional (2D) AFM image (5 x 5) m2 of the surface of a LiF thin film
deposited by thermal evaporation on a glass substrate kept at 28 °C and of total thickness = 1.9 m.
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Fig. 2 – 2D AFM image of a LiF film, of thickness 1.9 m, thermally evaporated on a glass substrate kept at 28 °C.

The images show a quite compact grain structure with regular and uniform grain size distribution; average
grain size is about 10 nm and the Root Mean Square (RMS) roughness value compute from the image is
11 nm on the 5x5 m2 mapped area, which is comparable with the typical roughness of a thicker LiF film
grown on glass microscope slides.
X-rays of energy higher than 2 eV are entirely absorbed by this film, as it can be deduced by the curve of
Fig. 1, making it coloured along its full thickness. The CC produced in the LiF film by the X-rays
exposition can be made visible by blue light excitation of the photoluminescence of the F 2 and F3+
defects, which emit in the red and green spectral regions, respectively.
The exposed LiF film is analyzed by using a Confocal Laser Scanning Microscope (CLSM) Nikon
Eclipse C1-80i equipped with a coherent CW Argon laser operating at 458 nm. It allows to integrate,
acquire and store the signature of the emitted radiation in a fluorescence image reaching a spatial
resolution below 300 nm at the used wavelength. The same optical microscope was used in different
optical operation modes, with white and blue light lamp illumination, in order to exclude and/or
distinguish artifacts in the registered fluorescence image. The presented morphological investigation
confirm the good surface quality of the LiF-film based detector.

3. Conclusions
Novel LiF-film based X-ray detectors were proposed, realized and characterized. These two-dimensional
imaging detectors found application in photonics, biology, material science, device investigation and in
the characterization of intense X-ray sources, including very short duration ones [16]. They allow great
versatility, as they can grown in the form of thin films by well-assessed physical deposition techniques.
The stored fluorescence images, based on the stable formation of aggregate electronic defects in the
exposed areas, can be directly read without the need of any development procedure, which could
introduce some artifacts. A good optical quality and a uniform surface of the deposited LiF film, which is
the radiation-sensitive element in the X-ray detector, improve the quality of the images and reduces
reading artifacts. Further studies are in progress on the LiF films growth on several substrates and their
characterization in order to improve the optical quality and adhesion properties, as well as progress are
under way in the full spectral analysis of the stored fluorescence images.
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