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ABSTRACT

Single crystal samples of lithium fluoride were irradiated at room
temperature with different energy (144 - 255 - 544 and 840 MeV) Pb*%®
ions in fluence range between 1x10°and 4x10*2ions/cm? The optical
absorption and photoluminescence (PL) techniques were used for
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characterisation of the irradiated samples. The damage is dominated by
the creation of simple defects (F centers) and aggregated defects (F,
centers). The concentration of F-center increases as a function of fluence
and energy. On the other hand two very intense PL bands are observed at
around 545 and 665 nm which correspond to the emission of F*, and F,
centers respectively and increase linearly in the same fluence range.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION

Theformation of defectsin lithiumfluoride (LiF)
and in other alkali halides created under various
types of irradiation, e.g. photons, electrons, neu-
trond” and iong?¥ has been studied for long time
by severa groups. In LiF primary radiation defects
are F-centers (el ectron trapped by an anion vacancy)
and H centers(intergtitial halogen atom)®. At higher
irradiation temperatures and higher fluences, these
primary defects are transformed to more complex
defects such as F -aggregation and Li colloids.

Using the chemical etching technique, Young®
has observed damages due to tracks of fission frag-
ments in irradiated LiF crystals with heavy ions.
Perez et al.l studied LiF crystals, irradiated with
different ionswith energy between 30 and 60 MeV/

u. Using optical absorption spectroscopy it was
shown that the main defects in tracks are F and F,
centers. Moreover, Balanzat et al.[® studied various
crystals (LiF, NaCl, and KBr) irradiated with heavy
ions a low temperatures, demonstrated that the re-
sulting exciton luminescence spectraand the depen-
dence of the efficiency on temperature are the same
asunder x-ray or optical excitation. Thefluence de-
pendent behavior of F and F, color centers induced
by SHI irradiation in LiF crystals has been studied
by Trautmann et a®.The number of F centers per
unit volumeinitially increases and saturatesat higher
fluence, the estimated track radius from the satura-
tion curve of F centerswere found to be about 5-30
nm, depending upon ion energy.

Theion-induced damage on the surfaceinspected
by scanning force microscopy isreported by Miiller
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et a.[’> W, In this report, we concentrate on ion-in-
duced defectsin LiF by means of optical absorption
spectroscopy, complementing studies performed
with photol uminescence.

EXPERIMENTAL PROCEDURE

LiF samplesof variousthicknesses, between 0.5
and 1mm, were cleaved along of the (100) plane
from asingle crystal block of high purity. The crys-
tals of LiF have been irradiated at room tempera-
ture under normal incidence with 2%®Pb ions of 936
MeV energy delivered by the Medium Energy Line
of the GANIL (Caen, France). Thefluence extended
from 1x10°to 4x10*ions.cn? and the flux was about
4x108ions cmr2st on a1 cm? surface. Thin alumi-
num foils of different thicknesses were placed in
front of each sample in order to modify the initia
energy of the ions and consequently the range R,

and(dE/dx ), . Theionrangwasin al cases|essthan

the sampl e thickness, the ion beam was stopped in
the crystals. The main irradiation parameters, listed
inTABLE 1, werededuced from TRIM 2005!*2 code
calculations.

The irradiated samples were analyzed by opti-
cal absorption spectroscopy (SHIMDZU 1700) in
the spectral range 190 - 1100 nm and by photolumi-
nescence (Perkin Elmer LS50B Luminescence Spec-
trometer). With the optical absorption spectroscopy
techniqueit is possible to obtain information about
the generated defects in the crystal by ion irradia-
tion, and to calculate the concentration of defects.
The concentration of defects can be determined by
the Smakulaformula, modified by Dexter3:

n w
m2+2)2 f (1)
Wherefisthe oscillator strength of the optical tran-

N (cm ) =A.

Tmax ;

sition, ntherefractiveindex, o, theabsorption co-
efficient measured at the maximum of the band peak
and W the band’s full-width at half maximum
(FWHM). A is a constant, which takes 0.87x10Y
eV cm?for Gaussian bands. The absorption coef-
ficienta  wasdetermined from the optical spectra
of each sample using therelation:

Amax = 2.304 OD /0
where:

0D = logyy (IDJII) (3)
Representsthe optical density at band maximum
and Ristheionrange.

(2)

RESULTSAND DISCUSSION

Optical absor ption spectr oscopy

Typical optical absorption spectraobtained with
LiFcrystalsirradiated with 2.6 MeV/uand 4.1 MeV/
uPbionsat different fluencesarereported in Figure
1.aand Figure 1.b. Absorption bands show two pre-
dominant bands around 245 and 445 nm correspond-
ing to F and F, centers (two electronstrapped in two
neighboring anion vacancies) respectively. At higher
fluence, of 2x10* ions/cm? the spectrabecome more
complex dueto track overlapping, two bands at about
315 and 375 nm, and two weak bands at about 515
and 545 nm. All these bands are well known, and
arecommonly labeled as, R, R, (F.-center) and N,
N, (F,-center) absorptionsrespectively. The absorp-
tion band around 445 nm is a result of the over-
lapped band corresponding to the F, and r; centers
(two electronstrapped in athree neighboring anion
vacancies).

We observed the area of the absorption spec-
trumfor LiF irradiated increase asafunction of ion
fluence and saturated at high fluences. The Fand F,

TABLE 1: Irradiation parameters of Pb in LiF crystals

E(MeV (dy ) (dy )
Lo dx’e d’n R(amge (keI\E///I?lm) If)lrl]ls?gr(‘:n%
lon  Pb (keV/nm) (keV/nm) pm)
840 27 0.05 40 21 1x10% — 4 x 1012
544 275 0.075 29 187 1 x 10° — 4 x 1012
255 25 0.135 18 14 1 x 1010 — 4 x 1012
144 20 0.215 13 11 1 x 101° — 4 x 1012
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Figure 1.a : Optical absorption spectra of LiF irradiated with 540 MeV Pb ions of various fluences
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Figure 1.b : Optical absorption spectra of LiF crystalsirradiated With Pb ions (4.1 MeV/u) of various low fluencies

centers bandsof LiF were analyzed by means of Eq.
(1). The evolution of N_as a function of the ion
fluenceis presented in Figure 2. In the low fluence
regime, N follows a linear increase. For fluences
higher than 4 x10 *ions.cm, N_saturatesreaching
amaximum value of 1x10%.cnm3,

Using the smplemodel proposed by Thévenard
et a.!, the situation can be simplified assuming that
F-centers are homogeneously distributed in acylin-
drical volume around theion tragjectory. The F-cen-
ter creation obtained from thismodel isin theform:

Ng = N; (1 —exp[—(nr?]®)) (4)

where N _ (cm®) isthetotal F-center concentration
obtained for an irradiation with an ion fluence @
(ions.cm?), N_ (cm®) is the saturated concentration
of F-centersin each individual track, and r_is the
radius of the track. Another interesting parameter
deduced from thefit of the F-center curvein Figure
2 isthe saturation level 6x10% cmr?, corresponding
to avolume concentration of about 2.10*cm. The
concentration of F, centres starts saturating at a
fluenceof 2x10%2ions.cn?. Theresulting saturation
was due to the overlapping of neighboring tracks®.
Wefound that radii of the F-center halo increase
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Figure 2 : Concentration of F-centers (triangles) and F_-centers (circles) as a function of the fluence of Pb ions
with an energy of 1.2 MeV/u, and concentration of F-centers (squares) at an energy 0.7 MeV/u
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Figure 3 : Track radii in LiF deduced from optical absorption bands of F-centers plotted versus the mean energy

loss (#), track radii of this work (o)

with the mean energy loss of the Pb ion from 9 nm
upto 22 nm. In Figure 3, theradii are presented asa
function of the mean energy loss, i.e., the total ion
energy isdivided by therange. Thetrack radii of F-
centersin LiF irradiated with Pb at different ener-
giesare compared with those of LiF irradiated vari-
ous ions species®.

In order to compare the evolution of F and F,

aggregate centers per track as a function of the
fluenceat thedifferent energies, thenumber per single
track of F center can be determined by:

ng = 2, where n_is given in cm?. Since the
different bands in the 300-600 nm region strongly
overlap wereit isdifficult to analyzeindividual con-
tributions separately due to the unknown oscillator
strength of the different centers. The creation of all
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F, centers has been estimated from the parameter &
which isdeduced from the integrated absorption:

600
§= f oD di
300

(5)
normalised by theion fluence
.S
“T o (6)

Where: gstheintegral absorption.

The dependences of n? and & on the irradia-
tion fluenceand with different energiesare displayed
in Figure4 and Figure 5. In dl casesthe number r
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and s per ion as afunction of the fluence take the
sameevolution. At energies 144 MeV and 255 MeV
the number r of color center produced per incident
ion decreases with fluence. However, the F aggre-
gate centers per ion increasein thefirst stage of the
fluence, reach a maximum and finally decrease at
higher fluences. This maximum appears at fluence
6x10ions.cm? at an energy corresponding to 0.7
MeV/u, and 2x10*2ions.cm? with 1.2 MeV/u. The
number of color centers produced per ion track de-
creases at higher fluencies. This decrease gives an
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Figure 4 : Concentration of F-center (nsF ) per ion track as a function of fluence for LiF

Pb ions at different energies
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Figure5: Concentration of aggregates (a°) per ion track as a function of fluence for LiF crystalsirradiated with Pb

ions at different energies
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Figure 6 : Number of F centers nsF per ion as a function of the mean energy loss at high-fluence radiation (fluence

is expressed in ions/cm?)
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Figure 7 : Number of F_aggregate centers a° per ion as a function of the mean energy loss at high-fluence

indication that the recombination processes of elec-
tron and hole centers become dominant in this re-
gime.

Comparing the results of LiF to those obtained
earlier for LiF irradiated of Ni ionat 170 MeV and
with Xe ion 300 MeV™, we observe very similar

effects. Also the evolution of n3 and & as a func-

tion of fluenceis similar with MgF,[*9.
Figures 6 and 7, display F-center and F_ aggre-

gate centers per track as afunction of the mean en-
ergy loss at high ion fluence. The concentration of

F-center (n} ) and aggregates (&) per ion track are

proportional to the mean energy loss, and inversely
proportional to the fluence.

It should be mentioned that the number of rf and

a° per ion continues to increase with incident en-
ergy. The values of the energy 4.1MeV/u (S_~27
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KeV/nm) and 2.6 MeV/u (S, ~ 27.4 KeV/nm) are
situated on theright and theleft of the Bragg’s peak.

Photoluminescence measur ements
The photoluminescence technique allows the
possibility to study with more precision the F; and

F, centers. The emission bands of and F, centers
arewell resolved contrary to their absorption bands.
The excitation with a 445 nm wavel ength-photon
induces emission bands centred at about 553 nmand
680 nm assigned to and F, centers respectively!'®
7. Moreover, The linear dependence between lu-
minescence intensity and the number of related ra-

600
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diation defects is only valid at significantly lower
values of optical density (<0.4). Thus only F, and

F3 with optical density lower than 0.5 is consid-
ered. Figure 8 shows an example of photolumines-
cence spectra of LiF single crystal irradiated with
144 MeV Pb ions at the values of fluence 6x10°,
8x10°, 1x10', 8x10 and 1x10!!ions. cm™,
Asmentioned above the spectra show two emis-
sion bands with maximaat about 2.17 eV (570 nm)

and 1.95 eV (640 nm) dueto the luminescence of F5"
and F, centerg*®*9 respectively.

The line in the figures is the fit of the experi-
mental data using two Gaussian peaks. The fit re-
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Figure 8 : Photoluminescence emission spectra of LiF crystalsirradiated with 144 MeV Pb ions at different fluences
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Figure 9 : PL intensity F, and F; color centers as a function of fluence
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Figure 10 : PL intensity F, and color centers as a function of mean energy loss

veal s approximately the same emission band width
with increasing fluence and electronic stopping

power. The F, and F5" intensities linearly increase
with increasing fluence as shownin Figure 9.

CONCLUSIONS

This paper reports on the damage produced in
single crystals of LiF by irradiation with lead ions
at different energiesin the range of several hundred
MeV. Singledefects such as F-centersare produced
inalarge halo of 9-22 nm around the ion trajectory
and track radii increase with the mean energy loss.
Photol uminescence spectroscopy reveal sthat F cen-
ters aggregates (Fs', F,) increase linearly with
fluence, but not linearly with mean energy loss. In-
crease in PL intensity of the irradiated samplesin-
dicatesanincreasein high energy induced radiation
defectsin the samples.
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