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PHOTO TRANSFERRED THERMOLUMINESCENCE <PTTI.) IN LiF TLt>1OO

C M Suntt and S Watanabe

ABSTRACT

H I page)pi ene n u a» e x p e m « t a study o
*unct on a* re* duai TL wave length o' UV ngh-
KH OWÍNG bd

expe'<m«nta study on P T T L n L-f- T L D 100 sampíe. PTTL <% studied as a
ve length o' UV ngh- tr>Ú tempe'atu>e o< sample during UV exposure
>rwd

»> Th» 'e'a"ve -nttn».t«e» of ndivdua' gov» peak» n PTTL glow cifve â e rema'kab'v different t-om those
oi X O' 9»mma >ay nduced TL g'ow cu'.e The intensify changes are so drast c that peaks 1 2 and 3 can
be sr>cnge< 'hen peak 5

2> the ett.cency oi nensfer p c ur»t photon fiuence has a ma» mum value foi 230 240nm light m «II the
sampte stud ed «vft*ch nd>cates ih«t one oi the 'es'dua' traps from where charge transfer occurs resembles
r'oseiy *• and Z3 cen'-es Charge transfer from another residua' 'rap >s most effective with 290nm light

31 The intensity o) PTTL >s not proportional to the total -esiduai TL of a sample It appears tnat the
efficiency o< 'ans'ei torn cJ'tterent types of 'esduai fapt s different Also different rettdua' traps
'ed<st'ibute the<r op»caHy •«•easedcheige ca'->e s p-efcrenfaiiy amongst the available empty traps

4) The t'*ns (e' ef(>c<*ncy <s veiy much dependent on temperature of the sample dunnç UV expo*u>e This
shows thai charge '«'ease f'om 'e»'cJuai vaç <* pa'tiy by UV photon energy & partly under thermal
s'-muiat'on The UV photoi e:tc-t« 'he chm4ia ca" e> *rom 'esiduw Trap to an intermediate level close to
but beiow ' h * '-ee state from where theimii- s* mi|iat»on 'berates 't >nto <he tree state Th s thermal
ene gy gap \ computed 10 be 0 ' 2 eV

1 INTRODUCTION

The stimulation of thermoluminescence (TL) hy ultraviolet (UV) light in samples
part ally bleached (thermally} after a high gamma ray exposure has been observed to be a
common phenomenon m most TL phosphors1"7 Surtta1 further showed in natural CaFj that
TL intensity can be transferred from a given glow peek to other glow peaks appearing at lower
as well as higher temperatures The study of this phenomenon can contribute important
information for understanding the mechanise of TL at wet I as for application in radiation
dosimetry UV induced TL tn LiF TLD 100 was first studied by Pearson tnd Cameron6'7, Later
Podgorsak et al* and Sunta et al" have extended the UV induced TL glow curve to liquid
nitrogen temperature at lower end and up to 400°C on higher temperature side respectively
Although it is generally known that »oft-UV induced TL is due to transfer of charge carriers
from àtep residua) traps, it is not known what the deep traps actually are and how does thn
transfer take place. In the present paper a derailed experimental study is carried out on UV
inched TL in LiF TLD 100 a>xJ an attempt is made to explain the transfer process in the light
of the observations

2 Experimental Procedure

A powder sample of LiF TLD 100 as received fror.i Hsrshaw Chemical Co was annealed
at 400°C for one hour and exposed to about 10' R of *°Co gamma rays It was then divided
into thrtt parts and annealed at three different temperature! in order to have different amounts
of residual TL in the samples Part 1 was annealed »t 228°C to bleach out peaks populary



numbered *<• ! to 5 Pa<t 2 was «nneated at 322 C Part 3 was annealed at 360 C to ensure that
only one glow peak. > • that of highest temperature9 ' ° remains residual m rt»e sampte Each of
these anneal>ntp **»e done ro< one hour *n an a>r oven Residual TL of each of these batches
was lecorded by using Marshaw 2000 T L D reader whose pan heater supply was replaced by a
• nea» programmer capable of heating up to 550 C UV induced TL glow curves were read for
the three sampte batches as a function of A of >nodent light « well as temperature during UV
exposure Att UV exposures were ca"«d out using monochromatic lights of band width 2 4nm
(full w'dth at half maximum) The light source used was a Xe lamp (8ausch& Lomb Cat
N° 33 86 20 On w>th a h.gh efficiency UV monocrvomator (B & L cat N°33 86 25 01) Light
•ntensmn were measured using ar EG & G Radiometer model 580 placed at a distance behind
tha sample posifon and corrected for the difference tn position The observed peak heights in
the glow curve were norma'ised to 3bta<n the T L intensity per unit photon fluence at each wave
length

The study of temperature dapedence was earned out with the same sampie of TLD 100
except that <t was ground very finely with a mortor and pestte The annealing treatments and
gamma exposure; were same as described above In this experiment 5 mg of fine sample powder
was deported on t>< reader pan by sedimentation m alcohol and drying it at about 100°C This
made a thin un form layer m c'ose contact with the pan, so that the sample could be assumed
to have tha same temperature at that of tha pan. which was measured by a spot-welded
thermocouple. UV exposures ware given with 230 nm monochromatic light for 15 seconds at
various steady temperatures of the pan from 25 C to 200 C and TL was measured after
exposure at each temperature

3 Results and Discussions

3 1 Effects of Residual TL on UV induced glow curve shapes and intensities

f ig I shows the residual T L glow curves of the three samples namely those annealed at
228. 3V2 and 360 C after 10' R gamma ray exposure Tha relative integrated light intensities
under these curves êr» m tha rat to cf 5 0 6 3 7 1 As expected the residual TL intensity falls
sharply is thu temperature of post gamma exposure annealing is increased Fig 2a shows three
typical glow curves after 230 nm UV exposure of the samples For the purpose of comparison a
glow curva produced by 6 0Co gamma exposure also is given This figure demonstrates very
significant charges m tha structure of tha glow curves produced by UV exposure m comparison
to that of gamma exposed samples Fustiy peak n° 4 is absent This is m agreement with
Mayhugh et a l M and Sunte at al9 Secondly relative intensities in individual glow peaks cnengei
remarkably with change m temperature of post gemma exposure annealing These changes are
spec-ally more »n 228°C annealed sample where peak N° 5 appears with weakest intensity in
comparison to other peaks. Fig 2b shows tha glow curves with 290 nm exposure, where again
228 C annralad sample shows a complete reversal in tha intensity distribution Drastic changes
m glow curva shapes of LiF have bean observed earlier by Zimmerman et a l 1 2 due to the affect
of pre exposure annneaimg temperatures in th* present case the observed changes are related
to residual TL

Sines TL c«n be induced in LiF by soft UV only if tha simple has been given a
pre gamma exposure andthwi annealed at a temperature last than 4 0 0 ° C 9 1 0 keeping some high
temperature traps mil fitted, it is reasonable to assuma that such TL is indeed due to transfer of
charge earners from high temperatura stable trap* to those related with tha usually observed S



glow peeks The present results show that the transfer process n not of sample type in which
optically liberated charge earners would be recaptured in the empty traps m the same
proportion as during X or gamma ray exposure IT appears that the transfer from a residuaHy
filled trap to empty traps is of preferential nature i e a charge carrier freed from a given trap
may be selectively captured m particular category of traps rather than being equally attracted
to all theavaible empty t'aps For exenpte m case of transfer form residual TL peaks appearing
above 400 C (F.g 1 cuides B and Cl the recapture prottbidty is maximun for traps of peak 5
and decreases in order of peaks 3, 2 and 1 This creates an intensity distribution m UV induced
glow curve nearly similar to that of gamma induced glow curve. (Fig 2a and b, curves 2 and 3)
But on the other hand when the R T L extends to 300 C or less (728 C annealed sample) the
transfer »s more to peaks 1. 2, 3 I i this order) and least to p«ak & (F»g 2, a & b curve 4) Such
preferential transfer would be possible if the residual parent trap and the capturing trap are
physically close to each other

The overall intensity of the glow curve produced by same •ncident 230 nm UV photon
fhence in 228 C annealed sample >s less than half of that in 322'C annealed sample, although
the total residual TL in the former is as much as 13 times higher than in the latter This shows
that the presence of extra residua1 TL in 2 2 8 C annealed sample (apart from that of above
322°C. which is common m both) is unfavourable for transfer of charge carriers from residual
traps stable above 322 C \o those corresponding to usual five glow peaks In particular transfer
to peak N° 5 is least favoured

3 2 TL Intensity as a Function of Incident UV wave length

In F.g 3a,b and c are plotted the TL peak intensities of individual giow peaks as a
function of >. incident UV light for the three samples Each of the curves has a maximum at
230 240nm region Curves of Fig 3a which correspond to the sample annealed at 228 C have in
addition another hump in the region of 290nm The maxima in the curves should mean tiiat the
efficiency of transfer at corresponding wave lengths is maximum The most prominent peak at
230 240nm lies between the F and Z 3 absorption peaks of LiF These absorption bands appear
with significant intensity in gumma irradiated LiF crystals annealed between 200 and 400°C 1 3

This indicates that the residuat trap from where charge carriers might be getting transferred may
be either F and Zi certres or another centre closely related with them The additional
indication of a hump at 290nm in Fig 3a. would mean that in case of 228 C annealed sample,
the residual traps of stability between 228 and 322 C transfer their charge most efficiently
under exposure to 29Onm UV The glow peak structure for this case (Fig 2b curve 4) further
suggests that transfer is preferential to peaks 1. 2, 3 and 5 in order of decreasing preference.
However no corresponding absortion band has baen observed in 290nm region Thzre is over
tenfold higher overall TL intensity induced by 290nm UV in 228°C annealed sample than in
322 and 360° C annealed ones It means that with this wave length the transfer is mainly from
traps stable between 228 and 322°C, where as by 230 24Onm UV the transfer takes place
principally from such traps which are stable above 322°C The relative integrated residual TL
intensities as wall as the UV induced TL peak heights are tabulated in table 1, which bear out
the preferential nature of transfer phenomenon

3 3 . Temperature Dependence of UV Induced TL

When UV exposures of the samples ware carried out at different temperaturas, it was



observed that tha induced TL intensity increases with temperature of the sample until tha TL
peak begins to bleach out thermally. Fig 4 shows the results. This observation shows that
temperature dependence should be taken cam of if TL phosphor is to be used for UV
dosimetry. It was observed that intensity of UV induced peak 5 can be as much aa S times
stronger at 150 C sample temperature than at room temperature for the same UV exposure.
This kind of behaviour has already been reported earlier in natural CaF, ' f Increased
stimulation of TL with increasing temperature would mean that release of charge carriers from
tha parent residual trap is partly due to thermal activation in addition to optical activation
under incident UV photons If this is actually so, tha transfer efficiency from tha residual trap
and consequently tha observed transferred TL intensity should increase with temperature
according to Boltzmann's relation for population in thermally excited states i»

lQ«xp( AE/kTj

where f should be TL intensity, AE thermal energy gap from optically excited state, to free
state, k Boltzmann's constant and T absolute temperature. The total activation energy to make
a charge carrier free from a deep residual parent trap before getting retrapped in other vacant
traps would be equal to energy of UV photon plus AE. The above relation would give a straight
line with negative slope AE/k if In I is plotted against j. One can determine the value of AE
from such a graph. Actual plotting shows that this relation does hold good with AE • 0.12eV
for tha sample annealed at 360°C (Fig 5). However for the other two samples we do not get a
straight line. It is because more than one kind of traps are involved in those samples, whereas in
360° C annealed sample only one kind of traps, which are responsible for TL peak of highest
temperature ara residual so that only one activation energy would be involved.

Table I

Relative TL peak heights in UV induced glow curves of the three samples

Annealing temps ( C) of the samples

Relative Integrated Intensity of residual TL
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Peak 5 height
with 235 nm

(10 " Amps}

Peak 2 height
with 235 nm

(10 " A m p s )

Peak S height
with 290 nm

(10 l l Amps)

Paak 2 height
with 290 nm

(10 n Amps)

228

50.7

0.64
(0.51)

1.2
316

53
(21.2)

140

322

3.7

2.6
(2 1)

1
(2.6)

10
(4)

5

360

1

125
(1)

038
(1)

2.6
(1)

1

Note: Values within brackets ire normalised with respect to sample with least residual TL
<..t.360°C annealed)
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RESUMO

Este treba«rto apresenta um « tudo «*p*r.mental sobre PI T L em t f I T L O 100) PTTL fo< es'udadi em
função d* TL resídua', comprimento de onda da iu/ UV e tamperatu-a da amoiüa durante a exposição UV
fo i am obtidos o« tegumtes resultados

1) A i intensidade* relativas dot pico» indivdua>* na curva de emitsào T T L *áo acentuadamente diferentes
do caso d* cu«va de emissão TL induzida por raio* X ou gamma A Í variações da intensidade são tão
drat tK» Qut ptoos 1 . 2 * 3 podem ter maiores que o pico 5

2) A eficiência de transferência por unidade de fiuència de 'oton tem um valor rnsximo ^or,, 3 luz d»
230 240 nm, em tocai ai amostrai estudadas, o que ind<caque uma das armadilhas resioua<s da qual se da
• transferência da cargo, tem uma semeinanca mu<to gr..nde com centros F e 2 j A transferência de carga
de outra armadilha residual e mais efetiva paia a luz de 290 nm

3) A intensidade de PTTt. nJo • proporciona* a TL residual total de uma amostra £ aparente qu* a eficiência
e transferencia dos diferentes tipos de armadilhas redistribuem o* transportadores de carga eticamente
liberados entre ai armadilhas vazias disponíveis, desigualmente

RÉSUMÉ

Ce travail presente une etude experimental sui PTTL em LiF ITLD 100) PTTL esl euidiee en foncton
de Ia TL renduelle. du longeur donde de Ia lumière ultraviolette et de la temperatute de I e-:hanti)lon
pendam I exposition a I UV Las suivant resulta» sont obtanut

1) L M intcrwtes relativa* des pics individual de la curve demi»ton PTTL som remarquipiement diferentes
de cedes de la curve d emission TL mduite par les raynnements X ou gamma Les changements d >ntens>te
sont tenement drasttque, que tot pics 1. 2 et 3 peuven*. eve plus grand que te pic &

2) L efficaxit* de transfferement par unit* de ia fluence du photon posaede un maximum pour ia lurniere de
2 3 0 2 4 0 n m pour tows let echantillons etudies, c m une indication que i une des pieges residuelles de
laquelle le tranifert de la charge a fieo retemble a centres f- ou Z j Le Tiartsfert de ia charge d autre ptége
rMiduelle est plus eff icace avec la lumiere ó» 290 nm

3) L mtensít* de PTTL n'est pat proportionate a Ia T L lesiduelle totaie d un ecnantilion Apparemment.
i efficecit* du transfert de different type des pieges residuelies est d'fferente Auu>. le-- pieges restduelles
different es redistribuem les porteurs de I» charge liberees optiquement nr>n egalemt ni entre les pieges
vide» dtspomble»
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