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SUMMARY

A systematic study of the colouring of LiF crystals and films irradiated by 3 keV electrons at
various temperatures was carried out analysing their absorption and luminescence spectra. The
three stage behaviour of the F colouring curve as a function of the irradiation dose was
revealed and the saturation of the process was identified for the first time with this kind of
radiation. The kinetics of the defect formation confirmed the expectations derived from the most
comprehensive theoretical model developed to explain the colouring process. The irradiation
temperature was found to have an influence on both the proportion of different defects created
and on their stability and the overall colouring efficiency turned out to be higher when the
irradiation was performed on films. Various explanations to these observations are put forward
and discussed.

(POINTDEFECTS, ALKALI HALIDES, COLOURING BY IRRADIATION, CRYSTAL AND
FILMS)

RIASSUNTO

Uno studio sistematico sulla colorazione di cristalli e film di LiF irraggiati a diverse temperature
con elettroni da 3 keV e stato eseguito analizzando i loro spettri di assorbimento e di emissione.
II comportamento a tre stadi della curva di colorazione dei centri F e stato evidenziato e la
saturazione della colorazione e stata identificata per la prima volta per questo tipo di radiazioni
ionizzanti. La cinetica della formazione dei difetti conferma le previsioni del modello teorico
piu completo sviluppato per spiegare il processo di colorazione. E' stata evidenziata una
relazione fra la temperatura di irraggiamento e il rapporto fra i diversi tipi di difetti creati,
nonchd della loro stabilita; l'efficienza di colorazione e risultata essere piu elevata quando
rirraggiamento viene eseguito su film. I fenomeni osservati vengono discussi e vengono fornite
varie interpretazioni.
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POINT DEFECTS INDUCED IN LiF BY LOW ENERGY

ELECTRONS

1 - INTRODUCTION

A thorough investigation into the formation of colour centres in alkali halides was stimulated
both by the many applications based on the properties of these defects and by the need to further
our knowledge of the fundamental physical processes involved in the formation mechanism [ 1 ].
For this purpose we have undertaken a systematic study of the colouring of LiF crystals and
films subject to low energy electron irradiation and compared the considerable amount of data
collected with the predictions made on the basis of theoretical models.

When alkali halide crystals, which appear transparent in nature, are subject to an appropriate
chemical or physical treatment, they acquire a distinctive colour. The colouring of the crystals
results from distortions of the crystalline structure known as colour centres. An F centre is
formed when the dislocation of a negatively charged ion in the crystal lattice leaves an electron
trapped in the positively charged vacancy [2]. An F centre can thus be visualised as a hydrogen
atom embedded in the crystal lattice giving origin to absorption bands in the visible range of the
spectrum responsible for the colouring of the host crystal. The clustering of these defects leads
to the formation of aggregate F centres which can be visualised as hydrogen molecules with
their own distinctive absorption spectra [2,3].

Among the alkali halides LiF is of special interest because of the stability of the colour centres it
can host, making it an ideal candidate for the numerous applications based on these defects [4,
5, 6]. LiF is unique among the alkali halides because it is virtually non-hygroscopic and can
only be coloured by physical processes such as irradiations with ionising radiations.

When the irradiation is performed using X and y rays the defects are formed uniformly
throughout the sample. Although this can be advantageous if a uniform colouring is required
throughout the entire crystal thickness, the high absorption values obtained can hinder the
measurement of the absorption spectra when the defect concentration is high. The measurement
of the absorption spectra is, on the other hand, simplified when the colouring is performed with
low penetrating radiations (low energy electrons, ion beams) which cause the formation of
defects in a thin layer at the surface of the sample. This simplifies the recording of the
absorption bands which remain measurable even for high irradiation dose values and the
advantages of low penetrating radiation have been already extensively illustrated [7]. Since the



energy loss from ion beams is strongly dependant on the velocity of the incident ions, the defect
concentration changes along the colouring depth [8]. This contrasts with the almost constant
energy dissipation along the trajectories of low energy electrons [9] which for this reason are
specially suited for studying the mechanisms involved in the defect formation and investigating
the optical properties of crystals containing high concentrations of F and F2 centres.

In this work we report the results of our investigations into the formation kinetics of F and F2

centres in LiF crystals and films irradiated by 3 keV electrons at room temperature (RT), liquid
nitrogen temperature (LNT) and -60 °C. Special emphasis is given to the comparison of our
experimental results with the predictions of the theoretical models and with the findings of other
authors using various kinds of low penetrating radiations.

2 - EXPERIMENTAL

Slabs of similar thickness (about 1 mm) were cleaved from a single LiF crystal and mounted on
a brass holder placed in a vacuum chamber capable of maintaining pressures of about 10"6 mbar.
The sample holder could be thermally connected to a vessel containing liquid nitrogen in order
to perform low temperature irradiations between 80 K and 300 K. All samples were irradiated
with 3 keV electrons emitted by a Varian electron gun capable of producing beam currents

ranging from 20 to 125 \iA measured directly by a Faraday cup. Since the surface irradiated by
the electron beam (~1 cm2) could be adjusted by acting on collimating electrodes placed along
the electron trajectory the beam is best described in terms of its current density on the sample
surface.

The absorption spectra of the coloured samples were taken with a Perkin Elmer X\9
spectrophotometer in the 200 - 800 nm wavelength range. All measurements were carried out
within a few minutes from the end of the irradiation, and some of them were repeated at regular
intervals so as to check whether any change had taken place over time. No significant change
was observed in the first few hours following the irradiation thus confirming the stability of
colour centres in LiF, unlike their behaviour in other alkali halides [10].

In order to isolate the contribution due to the absorption bands of the defects created in the
sample from the underlying background of LiF, it has been necessary to correct all the
absorption spectra by subtracting the contribution due to the uncoloured LiF crystal. Figure 1
overlays the absorption spectrum of a coloured sample irradiated for 40 seconds with an

electron beam having a current density of 1000 |xA/cm2 with the background spectrum of the
uncoloured sample taken before the irradiation. Figure 2 reports the corrected absorption
spectrum obtained by subtracting the two curves of Fig. 1 so that the colour centre absorption
bands stand out clearly. The most prominent bands are found at approximately 243 and 445 nm
and correspond to the F and F2 centres, respectively [11]. Among the weaker bands, mainly due
to more complex aggregate centres, the ones centred at about 315 and 375 nm are caused
respectively by the R, and R2 transitions of the F3 centre, while those at around 515 and 545 nm
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Fig. 3 - Absorption spectrum of the same LiF crystal of Fig. I computer resolved into the Gaussian components
due to F, R,, Rj and M bands.

are attributable to the N, and N2 transitions of the F4 centre [11]. The F2
+ absorption appears at

about 630 nm when the colouring gets very intense and is only just evident in Fig. 2, while the
F3

+ band peak centred at 458 nm is presumably covered by the F2 band [11]. Since the
absorption bands of F2 and F3

+ centres in LiF are largely overlapping, the band centred at
around 445 nm is commonly referred to as the M band [12] and includes the contributions of
several unidentified centres as well as the F2 and F3

+ defects. The band centred at ~210 nm
remains as yet unidentified, but appears to be linked to the presence of magnesium and oxygen
impurities [13].

The peak heights were established by plotting the spectra as a function of energy and
decomposing them into Gaussian bands using a best fit programme. Figure 3 reports the
spectrum previously shown in Fig. 2 computer resolved into its various Gaussian components.
The halfwidth and peak position values displayed by the Gaussian bands reproduce reasonably
well the values reported by the literature.

The colour centre concentration was derived from the absorption band peak heights by applying
Dexter1 s modification to the Smakula equation [2] which is expressed as:

Nf = (0.87x1017)- n
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where/ refers to the oscillator strength, n is the refraction index at the absorption band peak
wavelength, W the absorption band halfwidth expressed in eV, and amax the absorption
coefficient at the band peak expressed in cm'1. The literature values for F centres in LiF are n245

= 1.4203 [14], WF = 0.76 eV [15],/= 0.56 [16] and since

am(cm-l)=23[O.D.yd(cm)

where d refers to the colouring depth, which for 3 keV electrons amounts to ~ 0.15 |im [17],

the F centre concentration can be expressed as:

NF(cm~3) = 1.59xl021[O.D.]

With similar arguments the M centre concentration can be expressed as:

ArjW(cm-3)=7.9xl020[O.D.]

assuming n445 = 1.396 [14], WM = 0.186 eV [15],/= 0.28 [16].

3 - COLOURING KINETICS AT RT

Due to the prominence of the F and M bands in the absorption spectra, the kinetic study of the
colouring process has been restricted to these defects.

A set of irradiations was performed at a fixed electron beam current density changing the
exposure time and hence the dose of each colouring. The set of measurements was then repeated
for different current densities so that we finally had four sets of directly comparable

measurements performed at RT at current densities of 20 \iA/cm2, 50 \iAJcm2, 125 jiA/cm2 and

1000 uA/cm2.

The dependence of the absorption spectra on the irradiation time is displayed in Fig. 4 for a set
of irradiations performed at I = 1000 (xA/cm2. Initially only the F and M bands are easily
identifiable, but as the irradiation exposure increases, the gradual growth of the F and M bands
is accompanied by the appearance of more complex defects.

Figure 5 reports the experimental colouring trend as a function of the irradiation exposure time

of LiF crystals bombarded at RT by an electron beam with a current density of 1000 (iA/cm2.
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Fig. 4 - Dependence on the irradiation time of the RT absorption spectra ofLiF crystals coloured at RT with 3
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In order that the colouring kinetics of the various sets of irradiations be directly comparable, the
curves must be shown as a function of dose. Since the dose of an electron beam can be
expressed as

, / , , , 3\ i / T/\ number of electrons
doseleV/cm I = electron energy(ev)x -,—jr

v ' surfacelcm \xd(cm)

where

current x time
number of electrons =

electron charge

and d is the electron penetration depth, the dose expression for 3 keV electrons becomes:

dose(eV/cm3)) = 1.25 x 1021 x /(uvl/cm2) x time{s)

The data obtained from the set of irradiations performed at different current densities are
reported in Fig. 6 in double log plots in order to emphasise the features of the colouring
kinetics. The log-log representation allows the identification of three distinctive stages in the F-
colouring curves. The first stage is represented by a linear increase to a concentration of
~2X1020 centres/cm3 corresponding to a dose of about 2X1024 eV/cm3. It is followed by the
plateau of stage II which ends at a dose of about 4X1025 eV/cm3 corresponding to the start of the
third stage, during which the F centre concentration rises to a maximum saturation value of
~7X1020 centres/cm3, which is reached at a dose of ~ 1026eV/cm3. The dose range of the second
stage appears to decrease as the current density increases and becomes negligible by the time I =

1000 |jA/cm2 indicating that for high current densities the colouring curves are no longer
divided into separate stages. The M band colouring curves display a roughly similar trend,
although the start of each stage is shifted towards higher doses as would be expected with
aggregate centres which require the formation of an adequate number of F centres before the
aggregation process can be effective.

An important feature of the colouring curves displayed in Fig. 6 is the evident saturation of the
centre formation reached at ~1026 eV/cm3 beyond which the growth trend is reversed and the
defect concentration starts declining. Although this behaviour is common to all other alkali
halides it is specially significant for LiF as previous experiments, carried out on crystals
irradiated by 5 keV electrons [18] and by electrons in the 0.2-2 keV range [19], were never able
to reveal the saturation of the colouring process. So the present results supply for the first time
evidence that F and M centres in LiF crystals irradiated by low energy electrons reach limiting
concentration values of ~7X1020 and ~1X1O20 centres/cm3 respectively, assuming a colouring

depth of 0.15 ^m [17]. Since the 2.1 A interatomic separation in LiF crystals corresponds to an
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atom concentration of 1.2X1023, these saturation levels imply that there is a halogen defect
every 80 halogen lattice sites.

The F centre concentrations reached in this work at the end of stage I (2-3X1020 centres/cm')
turn out to be comparable with the level (0.8-2.4X1020 centres/cm3) reported by Townsend et al
[16] in LiF crystals bombarded by protons and positive ions, and with the values attained by
Pooley (6X1019 centres/cm3) [7] irradiating LiF with He+ (100-400 keV). Similar results are
also reported by Guillot (5X1019 centres/cm3) [20] bombarding LiF with electrons in a
temperature range of 77-250 K.

The linear trend of stage I and in of the colouring curves in the double log representation
implies that the concentration growth N is described by the equation

N = k(dose)n

where it is a proportionality constant while n is the colouring curve slope which provides a
measure of the colouring yield. The values of n in stage I range from 0.3 to 0.6 and are similar
to those found in LiF with other low penetrating radiations. In experiments performed

bombarding LiF crystals with a particles, protons and deuterons n values of respectively 0.6,
0.85 and 1.0 were reported [8], while in [16] values ranging from 0.6 to 0.8 were found for the
same kind of particles at energies of a few MeV. As far as the slope of the linear increase of
stage IQ is concerned, its average value is 0.77 regardless of the current density.

Fig. 7 - Dependence of the number ofF centres formed per energy unit on the electron beam energy [19). The
value at 3 keV is derived from the present work.
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The energy required for the formation of an F centre gives an indication of the efficiency of the
colouring process. The values calculated in the first stage averaged 3 keV per centre irrespective
of the current density and appear in full agreement with the value estimated by extrapolating the
data reported by D.G. Lord [19] and shown in Fig. 7.

4 - LOW TEMPERATURE IRRADIATIONS

In order to establish the influence of the sample irradiation temperature on the colouring
process, a set of irradiations was performed at LNT using an electron current density of 1000

uA/cm2. The absorption spectra reported in Fig. 8 show that while the F and M bands initially
grow with the exposure time, this trend is inverted once the exposure time exceeds 1000
seconds. This phenomenon remains as yet unexplained. The fact that the F centre band decline
is not accompanied by a corresponding rise in the concentration of aggregate centres indicates
that the phenomenon may be linked to the temperature increase due to the long exposure times
required for the colouring of samples at LNT.

The LNT colouring curve reported in Fig. 9 is directly comparable to the RT curve plotted in
Fig. 6. As the first stage is absent in both figures the colouring efficiency cannot be directly
inferred, but the fact that higher doses are required in LNT irradiations in order to obtain
appreciable colourings indicates that the colouring efficiency is lower under these irradiation
conditions. Moreover the M centre saturation level (and to a lesser extent the F centre
saturation), which is noticeably lower at LNT than at RT, is reached at doses about five times
higher in the LNT irradiations, thus confirming the lower formation efficiency.
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The fact the colouring curve of the M band at LNT differs from the trend reported at RT
suggests that the relative contribution due to F2 and F3

+ centres changes with irradiation
temperature. This interpretation is further supported by the luminescence measurements
discussed later on and is similar to the results derived from the colouring behaviour reported for
low temperature irradiations with penetrating radiations [21, 22, 23,24].

5 - THEORETICAL INTERPRETATION

It is generally accepted that two distinct processes are at work in the formation of colour centres
following bombardment with ionising radiation; while the primary mechanism is responsible
for the defect formation, secondary processes give rise to the stabilisation of the centres. The
primary process, which is active during all three stages, involves the non-radiative deexcitation
of an exciton with the formation of a Frenkel pair [25] (F centre and halogen interstitial) which
is then stabilised by secondary processes.

All the proposed models take account of the stabilisation processes by assuming that the
interstitial ions produced in the primary process are trapped by impurities so that their
recombination with the vacancies is hindered and the reinstatement of the lattice regularity is
impeded. The Agullo-Lopez and Jaque model [26], originally published in 1973, can
successfully reproduce the main features of the colouring curves by assuming competitive
recombinations of interstitial halogen ions, which are formed at a constant rate in the primary
process, with vacancies and traps. Their model assumes that, while the pre-existing impurities
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and defects in the crystal act as saturating traps capable of stabilising a limited number of
interstitial atoms, the aggregation of these atoms is a non saturating process and can proceed
indefinitely. These assumptions can be formalised into a set of equations and the solutions
compared to the empirical findings. Fig. 10 shows how the theoretical curve inferred from the
model reproduces the experimental colouring curve of a NaCl crystal irradiated at RT.

According to this model the concentration growth occurring during stage I is due to the effective
stabilisation of the interstitial ions by the traps initially present in the crystal. The saturation of
the traps leaves the recombination of the interstitial atoms and F centres as the dominant process
and leads to the flat region of stage II. During both stages the contribution to the stabilisation
process due to the aggregation of the interstitial atoms is still negligible, although it becomes
more significant as the radiation dose increases. The interstitial aggregation finally dominates the

Fig. 10 - Theoretical colouring curve for NaCl crystals derived by computer simulation, a). Experimental
colouring curve obtained by irradiating NaCl with a dose rate of 3.3X.10" eV/(cm3min), b) [26].
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stabilisation mechanism when, during stage III, it allows a further increase of the defect
concentration.

In a following work [27] the authors refine their original model by introducing two new
hypotheses capable of providing a more complete account of the experimental evidence. The
revised model is again based on the competition between the recombination of halogen
interstitials with F centres and their capture by traps. The trapping process is assumed to be
entirely due to non saturating aggregations of interstitial ions but the clustering is assumed to be
hindered by the instability of a short lived aggregate formed by two (or maybe more) trapped
interstitials.

The concentration growth of stage I is again interpreted as the stabilisation due to the capture of
the interstitials by the traps initially present in the sample. The capture of an additional ion,
however, gives rise to an extremely unstable cluster which by hindering further aggregations of
interstitial ions blocks the stabilisation process. This is reflected in the flat region of the second
stage which ends when the trapping of a further interstitial ion stabilises the aggregate structure
allowing for the concentration growth to resume during stage HI.

The reduced defect formation efficiency reported in the LNT measurements is clearly associated
with the reduced interstitial mobility at low temperatures, which, by slowing the aggregation
process, impedes the stabilisation of the F centres.

Another important result previously mentioned is the pronounced shortening of stage II with
increasing dose rate (or current density). This effect is again predicted by the model, which
describes stage II as resulting from the equilibrium between the decay of the unstable aggregates
and their stabilisation following the trapping of an additional interstitial and the formation of
larger clusters. At high dose rates the balance is shifted towards aggregate stability, so that the
increased efficiency of the interstitial traps causes an earlier occurrence of stage HI with a higher
F-colouring rate.

It is interesting to note that the theoretical resolution of the rate equations describing the model
indicates that, when the thermal stability of the interstitial clusters is imposed, the colouring
curves display a growth trend proportional to (dose)075 [27]. Since these conditions are
prevalent during stage IE (which is unaffected by the instability of the interstitial centres) one
would expect this growth trend to be satisfied during this stage of the colouring kinetics. These
predictions are fully supported by our measurements, which show that the third stage of the
colouring curve is proportional to (dose)077.

6 - LUMINESCENCE OF COLOURED LIF CRYSTALS

Because of the overlapping of the absorption bands of F2 and F3
+ centres [11, 12] the easiest

way of isolating their contributions to the overall concentration is by analysing their
photoluminescences which fall respectively in the red and green region of the spectrum. This
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allows to establish the influence of the irradiation conditions on the concentration ratio of F2 and
F3

+ centres.

The 457 and 476 nm lines of an Argon laser were used to pump crystals previously irradiated at
RT, -60 °C and LNT with 3 keV electrons. It turned out that, for a given pumping power, all
the measurements taken with the 476 nm radiation produced lower emission intensities than
when the excitation was performed using the 457 nm line. This behaviour depends on the
spectral closeness of the 457 nm radiation to the absorption band peaks of the F2 and F3

+ defects
centred at 445 and 458 nm respectively. Since the 476 nm line is further removed from the F2

absorption peak than it is from the F3
+ band peak, the reduced emission intensity is specially

pronounced for F2 centres. The effect is further enhanced because of the wider halfwidth of the
F3

+ band.

From the luminescence spectra of a sample irradiated at RT and reported in Fig. 11 it emerges
that the F3

+ emission (530 nm) is either less intense (kp=457 nm) or of equal intensity (^=476
nm) to the F2 luminescence (650 nm). This suggests that under these conditions the lower
pumping efficiency of the F2 centres is compensated by their significantly higher concentration
when compared to that of F3

+ centres.

Figure \2a) shows the luminescence spectra measured at RT and LNT of a sample irradiated at
-60 °C with 3 keV electrons. Since the RT emission ratio of the F3

+ and F2 centres appears
greater in the sample irradiated at -60 °C than in the sample irradiated at RT (Fig. 11) it follows
that low temperature irradiations favour the formation of F3

+ defects. The RT measurement,
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when compared to the equivalent spectrum reported in Fig. 11, shows that the F,+ emission is
greater than the F2 luminescence suggesting that when the colouring is performed at -60 °C the
relative number of F3

+ centres formed is considerably greater than when the crystals are
irradiated at RT [21, 22, 23, 24].

The increased emission ratio of the F3
+ and F2 centres measured at LNT compared to their

RT value is caused by the reduced pumping efficiency of the F2 centres following the
reduction of their absorption band halfwidth at low temperatures. The F3

+ centres are less
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affected by this reduced pumping efficiency because of their broad absorption band. The
effect on the F2 emission is further enhanced by the shift of the absorption bands towards
lower wavelengths at low temperatures reducing its pumping efficiency. Moreover the F?

+

center possesses a higher emission efficiency at low temperatures due to the reduced
availability of alternative forms of non radiative modes of decay competing with the
luminescence [28].

These remarks made on low temperature irradiations are confirmed by the measurements
performed on a sample bombarded at LNT and reported in Fig. 12 b).

7 - LUMINESCENCE OF COLOURED LiF FILMS

The present interest in the miniaturization of optical and electronic components has stimulated an
increased attention in the use of thin films for both passive and active devices [6,24].

For this reason it is important to establish the influence that the film growth parameters have
on the colouring properties of films and to compare the colouring of films with the
coloured crystals. The optical investigation of the colouring process is, however, complicated
by the presence of interference fringes in the absorption spectra of films, which, by overlapping
the absorption bands due to the colour centres, cover their contribution. For this reason
the study of the colouring of thin films is best performed by analysing their luminescence
spectra.
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The absorption and luminescence spectra of LiF films irradiated by 3 keV electrons at RT, -60
°C and LNT are reported in Fig. 13 and 14, respectively. The same features observed in the
emission of coloured crystals (Fig. 12) are evident in the luminescence spectra displayed in Fig.
14 a), b), c).

From a comprehensive comparison between the emission spectra of the film and crystal
(coloured at -60 °C), which were both performed in exactly the same conditions, it emerges that
the film luminescence appears 3 to 5 times more intense than the emission from the coloured
crystal. The greater colouring efficiency of thin films is probably linked to their high surface-
volume ratio due to their granular structure. This favours the formation of surface traps which,
by stabilising the interstitial ions, are essential for the colouring process [26, 27, 29, 30].

8 - COLOURING STABILITY

The absorption spectra of LiF crystals irradiated with 3 keV electrons at RT, LNT and -60 °C
were repeated at regular intervals in order to monitor the colouring stability.

The absorption spectra reported in Fig. 15 were taken immediately following the irradiation and
after 10 months from the colouring of a LiF crystal at RT. By comparing the spectra it emerges
that, while the M band and, to a lesser extent, the bands due to the more complex centres, grow
with time, the F band decrease with time. This behaviour is due to the aggregation of the
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simpler defects stimulated by thermal diffusion and further enhanced by the very high defect
concentrations reached with this kind of colouring.

The modification of the absorption spectra with time appears far more radical when the
irradiation is performed at LNT as shown by the spectra reported in Fig. 16. During the first 5
months, in addition to a significant decline of the F band accompanied by a corresponding
increase of the M band, the formation of a totally new band centred at -410 nm is also
observed. This band remains unidentified although its presence had already been inferred
indirectly through excitation measurements [12]. In the following months the F and M bands
gradually decrease while the band centred at -410 nm remains basically unchanged.

The formation of this unidentified band was not observed when the irradiation was performed at
-60 °C although a slight conversion between the defects could still be identified as evidenced by
the spectra reported in Fig. 17 taken immediately after the colouring and 5 months later.

Our measurements seem to suggest that low temperature irradiations with 3 keV electrons
favour the formation of F3

+ centres, confirming the evidence derived for crystals entirely
coloured with penetrating radiations [22, 23, 24], but at the same time the colouring appears
unstable.

No interpretation has yet been advanced to explain these observations but the rapidity with
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which the sample is brought back to RT appears to play an important role. In our experiments
the heating process was completed in ~ 1 h both for the samples irradiated at LNT and for those
coloured at -60 °C. This implies that the heating process was faster in the LNT irradiations. It
seems likely that the stabilisation of the centres formed at LNT and in particular of the F3

+

defects, requires a comprehensive control of the heating cycle. The role played by the thermal
treatment of defects on their stability is indeed the object of considerable interest by researchers
working on colour centre lasers based on F3

+ centres [31,32].

9 - CONCLUSION

A systematic study of the colouring of LiF crystals subject to irradiation by 3 keV electrons has
confirmed the evidence derived for crystals entirely coloured by penetrating radiations. This
includes the three stage behaviour of the colouring curves as well as the dose and concentration
values corresponding to each stage. The evidence derived on the saturation of the concentration
growth of F and M centres is of special significance since it had never previously been observed
in LiF.

The features of the colouring curves and their dependence on the dose rate and temperature are
in agreement with the conclusions derived from the most comprehensive model developed to
explain the colouring process.
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By comparing the colouring curves and luminescence spectra of samples irradiated by 3 keV
electrons at RT and LNT it has emerged that low temperatures favour the formation of F,+

centres. It has however been found that when the irradiation is performed at LNT the colouring
is unstable and the formation of an unidentified band centred at 410 nm is observed. It seems
likely that such instability is associated with the rapidity with which the samples are brought
back to RT after irradiation.

The growing interest shown in thin films in view of their applications in the fields of
microelectronics and integrated optics has led to the extension of our research into the formation
of colour centres in LiF thin films. By comparing the emission intensities of LiF crystals and
films irradiated in the same conditions it has emerged that the colouring of films is 3 to 5 times
more intense than in crystals. The greater colouring efficiency of films has been attributed to
their high surface to volume ratio which, by increasing the availability of surface traps, favours
the colouring stabilisation.

Our work supplies considerable amount of data which not only confirms earlier results derived
from studies performed in different irradiation conditions, but also provides essential
experimental support for the theoretical models developed to explain the colouring process.
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