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ABSTRACT

The Lithium Fluoride crystal are irradiated normal to the lattice plane with
lead ions with energy 544 MeV and 840 MeV at fluence between 10° and
4.10% jong/cn?. These samples are characterized by optical absorption in
the wavel ength range 200 - 900 nm and by photoluminescence (PL) under
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458 nm excitation at roomtemperature. Thedamagein thetracksis dominated PL.
by the creation of simple defects (F centers) and aggregated defects (F,
centers). For LiF crystalstwo very intense PL bands have been observed at
around 545 and 665 nm, which correspond to the emission of F*, and F,

centers respectively.

INTRODUCTION

Defectsinadkai halidesunder varioustypesof irra-
diationse.g. neutrons¥, photong?, electrons®**l, and
iong®13 arestudied extensively during the past few de-
cades. Lithiumfluorideisanioniccrystd andaninsula
tor with high band gap (14 eV), itstransmission spec-
trum extendsfrom about 190 nmto 1200 nm. TheLiF
isanimportant crystal used for anumber of hightech-
nology, optical and el ectro-optical applications, like
radiation dosimetry, detectorsfor ionizing radiations.
Theoptical propertiesof thismaterial canbemodified
by point and extended defects, created dueto different
typesof particleirradiation. The defect centersinduced
by ionirradiationin LiF aremainly F center, and more
complex defects F-aggregate centerssuch as F, F,
and F,. These centers have beenidentitied from vari-
ousexperimental techniqueslikeoptica absorption|u-
minescence, small angle X diffusion and eectron spin
resonance.
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EXPERIMENTAL PROCEDURE

Puremonocrystal of LiF, Their thicknessis0.5—
1.5mm and always exceedstheion penetration depth,
were cleaved along the (100) plane. Samplesareirra
diated at GANIL (Caen, France) on the medium en-
ergy beam line SME. The LiF were exposed to 2%¢Pb
ions of 936 MeV energy at room temperature under
normal incidence, and thefluence extended from 10°to
4. 102 ions.cm? and the flux was about 4.108ionscnr
2stonalcny surface. Thinaluminum foilsof different
thicknesses (12, 24, and 30um) were placed infront of
each sampleinorder to modify theinitia energy of the
ionsand consequently therange R, and (dE/dx),. The
main irradiation parameterswere deduced from TRIM
20062 code calculations, arelistedin TABLE 1.

Optical absorption and photoluminescence mea
surements are carried out using a SHIMDZU 1700
spectrometer and Perkin ElImer LS50B Luminescence
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Spectrometer respectively. The absorption spectraare
recorded in the wavelength 190 - 1100 nm, the
luminescencesareanayzed, inthe 200-800 nm range.
With optical absorption spectroscopy techniqueitis
possibleto obtaininformation about the generated de-
fectsinthecrystal by ionirradiation, and to calcul ate
the concentration of defects. The concentration of de-
fectscan be determined by the Smakulaformula, modi-
fied by Dexter!3;

n W
N N=A———«
{Cln ) (.112 g 2 }2 f max @

Wherefistheoscillator strength of the optical transi-
tion, n the refractive index, & theabsorption coeffi-
cient measured at the maximum of the band peak and
Wthe band’s full-width at half maximum (FWHM). A
is a constant, which takes 0.87x10% eV cm? for
Gaussian bands. The absorption coefficiento, was
determined fromthe optical spectraof eachsmpleus-
ingtherdation:

Crmax = 2304 0D/ @)
where: OD representsthe optical dengity at band maxi-
mum and Ristheionrange.

In order to comparethe evolution of Fand F, ag-
gregate centers per track asafunction of thefluence at
thedifferent energies, the number per singletrack of F
center can bedetermined by:

Il . . . .
n® = EF[M]’ wheren_isgivenincm?. Sincethe

different bandsinthe 300-600 nm region strongly over-
lapanditisdifficult toandyzeindividua contributions
separatdy dueto theunknown oscillator strength of the
different centers. Thecreation of dl F, centershasbeen
estimated from the parameter & whichisdeduced from
theintegrated absorption:

SO0
S = J 0D da €)
SI00

normalised by theion fluencea = % (4)

Where: gs theintegrd absorption perioninunitsof nmg,
Theionshaving an energy of the order of hundreds
MeV createinakali halidesvarioustypes of defects.
In LiF, defects corresponding to the different absorp-
tion and emission pesksarewe | known, themain ones
aresummarizedin TABLE 2 according to refg*514,

> Fuf) Poper
TABLE 1: Irradiation parametersof Pbin LiF crystals

E('\gcgv)ws (dde)e (dde)n

Range E/R Fluence
m keV/nm) lons/cm?
lon kevinm)  (kevinm) ™ ¢ )
840 27 0.05 40 21 10°- 4.10"
544 275 0.075 29 187  10°-4.10"

TABLE 2: Absorption bandsof variouseectron color centers
inLiF.

Absor ption Emission
Center Energy Wavelength Energy Wavelength
(eV) (nm) (eV) (nm)
F 5.00 245
Fs 3.92,3.32 315,375
F, 2.79 444 1.85 670
F's 2.77 448 2.35 528
F 129 960 117 1060
Fa 2.392.30 515,545
F, 197 630 1.39 910
= 1.29 960 11 1120

The detection of these centersisrelatively easy,
the only difficulty in the case of center, F; , resides
inthefact that the absorption band i s coincident with
the center F,, always more intense: the center must
always be observed by their emission.

RESULTSAND DISCUSSION

Optical absor ption spectr oscopy
Low ion fluence

Figure 1 and Figure 2 showsthe optical absorp-
tion spectra obtained with LiF crystals irradiated
with 840 MeV and 544 MeV Pbionsat low fluence.
We observed no modification of the position of the
absorption band duringirradiation. The spectrashow
predominant absorption bandsaround 245 nm. This
band correspondsto F-center (hal ogen-ion vacancy
with atrapped electron). A threshold of creating F,
centers is observed for the energy 544 MeV and a
fluence above 4.10% ions/cm 2.

F+ F— F, for ® =4x10% jons /cm?

For fluencies higher than 10'° ions/cm? and the
energy 840 MeV, one can clearly observe the creat-
ing of F, and F, centers. can be modalized by the
reaction:
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Figure3: Optical absor ption spectraof LiF irradiated at high
- fluencewith Pb ions840-M eV of variousfluencies

- fluencewith Pbions544-M eV of variousfluencies

F+ F, > F;3 for ® = 1x10'%; jonsHcm?, E = 840MeV
Highion fluence

Figure 3 and Figure 4 showsthe optical absorp-
tion spectrum for different fluenciesof 840 MeV and
544 MeV lead ion irradiation of LiF crystal. One
sees quite clearly the absorption bands shows two
predominant bands centered at 245 and 445 nm cor-
responding to F and F, centers (two el ectrons trapped
in two neighboring anion vacancies) respectively.
Also at higher fluence, of 2.10" ions/cm? the spec-
trabecome more complex dueto track overlapping,
F,-center bands centered at 315 and 375 nm, and
two weak bands (F, — center) centered at 515 and
545 nm. But the absorption band around 445 nmisa
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Figure5: Concentrationof nZ  and aggregates(a’) per ion
track asafunction of fluencefor LiF crystalsirradiated with
Pbionsat energy 840 M eV
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Figure6: Concentrationof n  and aggregates(a’) per ion

track asafunction of fluencefor LiF crystalsirradiated with
Pbionsat energy 544 M eV

result of the overlapped band corresponding to the
F, and F5 (two electrons trapped in a three neigh-
boring anion vacancies).

For aquantitative comparison, the saturation of
optica dengty of theband F- center for ahigher fluence
4 x10" iong/cnm?and energy 5440 MeV. for energy 840
MeV thesaturation of the optical density isreached at
avalue of 1x10" ions/cm?.

Thedependencesof n; andeontheirradiation
fluence and with different energies are displayed in

Figure5and Figure6. Inall casesthe number of rf
and g3 perion asafunction of the fluence take the
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Figure7: Number of F centers nsF per ion asafunction of

themean energy lossat high-fluenceradiation (fluenceare
expressed inions/cm?)
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Figure 8 : Number of F_aggregate centers a® per ion asa
function of the mean ener gy lossat high-fluence

sameevolution. At energies4.1 MeV/uand 2.6 MeV/
u the number 5=of aggregate centers color centers
produced per incident ion decreases with fluence.
However, theni color centers per ion increasesin
the first stage of the fluence, reaches a maximum
and finally decreases at higher fluences. These
maximum appears at fluence 6x10ions.cm.. The
number of color centers produced per ion track
decreases at higher fluences gives an indication that
the recombination processes of electron and hole
centers become dominant in thisregime.
Comparing the results of LiF to those obtained
earlier for LiF irradiated of Ni ionat 170 MeV and
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Figure9: Luminescence emission of F,and F; centersin
LiF crystalsirradiated with 840 M eV Pb ions of various
fluences. (4.1 MeV/u Se= 27 keV/nm R=40um)
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Figure10: Luminescenceemission of F,and F; centersin
LiF crystalsirradiated with 544 M eV, Pb ions of various
fluences (2.6 MeV/u Se=27.4keV/nm R=29um)
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1x10°

with Xeion 300 MeV7, we observe very similar
effects. Alsotheevolution of ny and & asafunction

of fluenceis similar with MgF,*".

In Figure 7 and Figure 8, displays F center and
F aggregate centers per track as a function of the
mean energy loss at high ion fluence. The concen-

tration of F-center (n3) and aggregates (&%) per ion
track proportional to the mean energy loss, and in-
verse proportional to the fluence.

It should be mentioned that the number of and

per ion continues to increases with incident energy.
The energy 4.1IMeV/u (S,~27 KeV/nm) and, 2.6
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Figure 12 : Luminescence emission for ;- and F, centers
depending on theabsorbed ener gy for LiF irradiated with Pb
ionsat 544 MeV

MeV/u (S, ~27.4 KeV/nm) those val ues situated on
right and | eft of the maximum to Bragg’s peak.

Photoluminescence measur ements

In addition to optical absorption, luminescence
is another technique useful tool to examine defects
created by ion irradiation. Is possibly to separate
the presence of defects whose optical absorption

bands overlap. In our case with detach the F; and

F, centers. Theemission bandsof Fi 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 nm and
680 nmassignedto and F, centersrespectively [18,
19]. Figure.9 and Figure .10 shows photolumines-
cence spectra of SHI irradiated samples at RT of
LiFsinglecrystal irradiated with 840 MeV and 544
MeV Pbionsat different fluence.

Asmentioned above the spectrashow two emis-
sion bands with maximaat about 2.17 eV (570 nm)
and 1.95 eV (640 nm) dueto theluminescenceof and
F, centers®>#! respectively.

The peak intensitiesof F,* and F, color centers
emissions, obtained from thetwo Gaussian pesks, were
plotted asafunction of fluencefor both energiesthe
curvesshowninFigure 11 and Figure 12. Theintensi-
ties of both bands increase of the absorption energy
and followed by an exponential decrease.

ThePL intensity issensitiveto thedamage created
by SHI. Initially, strong PL intensity indicates domi-
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nant radiative transitions. As the concentration of
color centers increases the rate of radiative transi-
tions will increase and hence the luminescence in-
tensity will also increase. At higher fluences the
sampl e becomes defect rich material, which affects
the radiative transitions. In the presence of defect
rich material, the radiative transition rate will de-
crease, thus, decreasing the integrated PL intensity
from the sampl €24,

CONCLUSIONS

We haveinvestigate defects producedinsingle
crystals of LiF by irradiation with lead ions at dif-
ferent energiesin the range of severa hundred MeV.
Opticd absorption and photoluminescencewere used
to identify various defects in the crystals. Photolu-
mi nescence spectroscopy revealsthat F centers ag-
gregates (F, F,) increase and decreases with in-
creasing fluence.
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