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ABSTRACT

Singlecrystal samplesof LiFwereirradiated at room temperaturewith different
energy of 0.7- 4.1 MeV/u Pb*®ionsinfluence range from 10° and 4.102iong/
cm?. are characterized by optical absorption and photoluminescence (PL)
techniques were used for characterisation of the irradiated samples. The
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damage is dominated by the creation of simple defects (F centers) and PL.
aggregated defects (F, centers). Their concentration increase of a function

of fluence and energy. On the other hand two very intense PL bands 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.
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INTRODUCTION

Defectsinadkai halidesunder varioustypesof irra-
diationse.g. neutrong*”, photong'?, eectrond'?, and
iong'? are studied extensively during the past few de-
cades. Lithiumfluorideisanioniccrystd and aninsula
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 electro-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’?.

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 4.10%ionscnr
2stonalcny surface. Thinaluminum foilsof different
thicknesses (12, 24, and 30um) were placed infront of
each sampleinorder to modify theinitia energy of the
ions (and consequently therangeR, and (dE/dx),. The
main irradiation parameterswere deduced from TRIM
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TABLE1: Irradiation parametersof Pbin LiF crysals.

I Oi(lz\gsi\t/}ss (d %x)e (keV/nm) (d%x)n (keV/nm)  Range(um) E/R (keV/nm)  Fluence lons/cm?
840 27 0.05 40 21 10°- 4.10%
544 27.5 0.075 29 18.7 10°- 4.10%

TABLE 2: Absor ption bandsof variouselectron color centersin LiF.
Absor ption Emission
Center Energy (eV) Wavelength (nm) Energy (eV) Wavelength (nm)
F 5.00 245

Fs 3.92,3.32 315, 375

F 2.79 444 1.85 670
Fs 2.77 448 2.35 528
F, 1.29 960 1.17 1060
Fs 2.392.30 515, 545

F, 1.97 630 1.39 910
F» 1.29 960 11 1120

200612 code calculations, arelistedin TABLE 1.

Optical absorption and photoluminescence mea
surements are carried out using a SHIMDZU 1700
spectrometer and Perkin Elmer LS50B Luminescence
Spectrometer respectively. Theabsorption spectraare
recorded in the wavelength 190 - 1100 nm, the
luminescencesareanayzed, inthe 200-800 nm range.
With optical absorption spectroscopy techniqueitis
possi bleto 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™:

n w

I:ng + 2 )3 T Tmax:: D
Wherefistheoscillator strength of the optical trangi-
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 from the optical spectraof eachsmpleus-
ingtherdation:

Omax = 2304 OD/p @)
where: OD representsthe optical dengity at band maxi-

mum and Ristheionrange.
In order to comparetheevolution of Fand F, ag-

Niem3)=A.

gregate centers per track asafunction of thefluence at
thedifferent energies, the number per singletrack of F
center can bedetermined by:

n® = “E04 where n.isgivenincm? Sincethe
different bandsinthe 300-600 nm region strongly over-
lapanditisdifficult toandyzeindividua contributions
separatdy dueto theunknown oscillator strength of the
different centers. Thecregtion of dl F, centershasbeen
estimated from the parameter & whichisdeduced from
theintegrated absorption:

GO0
S = f 0D da ©)
300

normalised by theionfluencea= = % (4)

Where: gstheintegral absorption per ioninunits of
nme.

Theionshaving an energy of theorder of hundreds
MeV createin akali halidesvarioustypesof defects.
In LiF, defects corresponding to the different absorp-
tion and emission peaksarewell known, themain ones
aresummarizedin TABLE 2 accordingto refs.3,25,
and 28.

Thedetection of these centersisreatively easy, the
only difficulty inthe case of center, F; , residesinthe
fact that theabsorption bandiscoincident with the center
F,, dwaysmoreintense: theF; center must dwaysbe
observed by their emission.
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RESULTSAND DISCUSSION

Optical absor ption spectr oscopy
Low ion fluence

Figure1 and Figure 2 showstheoptica absorption
spectraobtained with LiF crystalsirradiated with 840
MeV and 544 MeV Pb ions at low fluence. We ob-
served no modification of the position of theabsorption
band during irradiation. The spectrashow predominant
absorption bands around 245 nm. This band corre-
spondsto Fcenter (ha ogen-ion vacancy with atrapped
electron). A threshold of creating F, centersisobserved
for the energy 544 MeV and afluence above 4.10%°
ions/cm?.

F+ F—- F, for® = 4x10'% ions :

For fluencieshigher than 10°° ions/cm? and theen-
ergy 840 MeV, one can clearly observethe creating of
F, and F, centers. can be modalized by the reaction:
F: for @ =1x10%0; iomsy

3
cm-

F+ F» = E = 840MeV
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Figurel: Optical absor ption spectraof LiFirradiated at low
- fluenceWith Pb ions840-M eV of variousfluencies

Highionfluence

Figure 3 and Figure4 showstheoptica absorption
spectrum for different fluenciesof 840 MeV and 544
MeV leadionirradiation of LiF crystal. Oneseesquite
clearly the absorption bands shows two predominant
bands centered at 245 and 445 nm correspondingto F
and F, centers (two el ectronstrapped intwo neighbor-
ing anionvacanci es) respectively. Alsoat higher fluence,
of 2.10" ions/cm? the spectrabecome more complex
duetotrack overlapping, F.-center bands centered at
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Figure?2: Optical absor ption spectraof LiF irradiated at low
- fluenceWith Pb ions544-M eV of variousfluencies.
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Figure3: Optical absor ption spectraof LiF irradiated at high
- fluenceWith Pb ions840-M eV of variousfluencies.

315 and 375 nm, and two weak bands (F, — center)
centered at 515 and 545 nm. But the absorption band
around 445 nmisaresult of the overlapped band cor-
responding tothe F, and E; (two electronstrappedin
athreeneighboring 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
avaueof 1x10* iong/cm?.

The dependencesof n: and & on theirradiation
fluenceand with different energiesaredisplayedin Fig-
ure5and Figure6. Inal casesthe number of n: and

per ion asafunction of thefluencetake the sameevo-
Iution. At energies4.1 MeV/uand 2.6 MeV/uthenum-
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Figure4: Optical absorption spectraof LiF irradiated at
high - fluenceWith Pb ions544-M eV of variousfluencies.
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Figure5: Concentration of n 7 and aggregates(a) per ion
track asa function of fluencefor LiF crystalsirradiated
with Pbionsat energy 840 M eV.

ber o of aggregate centerscol or centers produced per
incident ion decreases with fluence. However, the

n: color centersper ionincreasesin thefirst stage of

thefluence, reachesamaximum andfinally decreases
at higher fluences. These maximum gppearsat fluence
6x10%ions.cmr. Thenumber of color centers produced
per iontrack decreasesat higher fluencesgivesanindi-
cation that the recombination processes of ectronand
hol e centersbecomedominant inthisregime.
Comparingtheresultsof LiFtothoseobtained ear-
lier for LiFirradiated of Niionat 170 MeV and with
Xeion 300 MeV*l, weobservevery similar effects.

Alsotheevolutionof n: andatasafunction of fluence
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Figure6: Concentration of n % and aggregates(a°) per ion
track asafunction of fluencefor LiF crystalsirradiated with
Pbionsat energy 544 M eV.
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Figure7: Number of F centers nsF per ion asafunction of the

mean ener gy lossat high-fluenceradiation (fluencear e ex-
pressed inions/cm?).
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Figure 8 : Number of F_aggregate centers a® per ion asa
function of themean ener gy lossat high-fluence.

——— P lerioly Seience
A 7mkuuﬁowml



442

Damage creation in lithium fluoride by Swift heavy ionsin the electronic energy

MSAIJ, 12(12) 2015

Full Poper

issimilar withMgF, ™.

InFigure7 and Figure8, displays F center and F.
aggregate centers per track asafunction of themean
energy lossat highionfluence. Theconcentration of F-

center (n: ) and aggregates (&) per ion track propor-
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Figure9: Luminescence emission of F,and Fz centersin
LiF crystalsirradiated with 840 MeV Pb ions of various
fluences. (4.1 MeV/u Se= 27 keV/nm R=40pm).
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Figure10: Luminescenceemission of F,and Fz centersin
LiF crystalsirradiated with 544 MeV, Pb ions of various
fluences(2.6 MeV/u Se= 27.4keV/nm R=29um).

tiond tothemean energy loss, and inverseproportiond
tothefluence.

It should be mentioned that the number of and per
ion continuesto increaseswith incident energy. The
energy 4.1MeV/u (S~27 KeV/nm) and, 2.6 MeV/u
(S,~27.4KeV/nm) thosevaluessituated onright and
|eft of themaximumto Bragg’s peak.
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Figure 11 : Luminescence emission for F; and F, centers

depending on theabsor bed ener gy for LiF irradiated with Pb
ionsat 840 MeV.
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Figure 12: Luminescence emission for Ej and F, centers

depending on theabsor bed ener gy for LiF irradiated with Pb
ionsat 544 MeV

Photoluminescence measur ements

Inaddition to optical absorption, luminescenceis
another technique useful tool to examinedefectscre-
ated by ionirradiation. Ispossibly to separatethe pres-
enceof defectswhose optical absorption bandsover-

lap. Inour casewith detachthe F; and F, centers. The

emissonbandsof F; andF, centersare well resolved
contrary to their absorption bands. Theexcitation with
a445 nm wave ength-photon induces emission bands
centred at about 553 nm and 680 nm assigned to F;

and F, centersrespectivel y**". Figure9 and Figure

10 shows photol uminescence spectraof SHI irradiated
samplesat RT of LiF singlecrystal irradiated with 840

Au Tudian Yourual
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MeV and 544 MeV Pbionsat different fluence.

Asmentioned above the spectrashow two emis-
sion bands with maximaat about 2.17 eV (570 nm)
and 1.95eV (640 nm) dueto theluminescenceof F} and
F, centerg*81939 respectively.

Thepeak intensitiesof F3+, and F2, color centers
emissions, obtained fromthetwo Gaussian pesks, were
plotted asafunction of fluencefor both energiesthe
curvesshowninFigure1l and Figure12. Theintensi-
ties of both bands increase of the absorption energy
and followed by an exponential decrease.

ThePL intengity issengitiveto thedamage created
by SHI. Initidly, strong PL intensity indicatesdomi nant
radiativetrangitions. Asthe concentration of color cen-
tersincreasestherate of radiativetransitionswill in-
crease and hencetheluminescenceintensity will also
increase. At higher fluences the sample becomes de-
fect richmaterid, which affectstheradiativetranstions.
In the presence of defect rich material, theradiative
transtionratewill decrease, thus, decreasingtheinte-
grated PL intensity from thesample 13.

CONCLUSIONS

Thispaper reportsonthedamageproducedinsngle
crystalsof LiF by irradiationwith leadionsat different
energiesintherange of several hundred MeV. Single
defectssuch asF-centersareproduced inalargehalo
of 9-22 nm around the ion trajectory and track radii
increaseswith themean energy loss. Photoluminescence
spectroscopy revealsthat F centers aggregates (F; ,
F,) increaselinearly withincreasing flue mean energy
loss. Increaseof PL intensity of theirradiated samples
indicatesincreaseof high energy induced radiation de-
fectsinthesamples.
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