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PHOTO TRANSFERRED THERMOLUMINESCENCE (PTTL) IN LiF TLD-100

C M Sunts and S Watanabe

ABSTRACT

by , ,r’

Thre-pepir-prevenes an expermenta study on PTTL :n L'F TLD-10C sampie, PTTL s studied as a
funct on of res dJugt TL wave lengih of UV ngh. and  tempergture of sampie during UV exposure
FOLLOWING rewits are obisined

1y The relarve .niens.ties of ndrwdua' g'ow peaks .n PTTL glow Curve are remarkably different trom those
ot X o' gamma ray 'nduced TL giow turve The .ntensity changes are s0 drast c that peaks 1 < and 3 can
be strcnge: then peak 5

2

The etticiency of trenster par unit photon tuence has 8 Mmax:mum vaiue for 230 240nm hight in all the
sampte stud ed wh.ch -ndicates that one 0! the rés:dua: traps irom where charge transfer occurs resembies
“'osaty ¢ and Z3 cantes Charge transfer from anorher residus! 1rap s most effective with 290nm Light

3 The ntensity of PTTL s not proportiony 1o the 1otal remdual TL of a sample. [t appears that the
eftic.ancy of “ransfer trom different rypes ot res:cdual traps ¢ Ciiferent Also different remidual traps

redisteibute their opticslly 'areased cheige car-ie's preferent:atly amongst the avaiisbie empty traps

4

The transter eftic.oncy 's very much dependent on temperature of the sample durning UV exposyre This
shows that iharge reiease from res:duat rap s partly by UV photon energy & pertly under thermal
stmuiatron The UV photon eicrtes the charga care-er from residus 1rap 10 an ‘ntermediate leve! close 10
but beiow 'he f:ree state from whare thermy: st miiavon Liberates t into the tree state This therma!
ene gy gap s camputed 10 bs 0 ‘2 eV,

1 INTRODUCTION

The stimulation of thermoluminescence (TL) by ultraviolet (UV) hight in samples
part ally nleached (thermally) efter a high gamma ray exposure has been observed to be a
common phenomenon 1n most TL phosphors' 7 Sunta’ further showed in natural CaF, that
TL ntensity can be transferred from a given glow pezk to other glow peaks appearing at lower
as well as higher temperatures The study of this phenomenon can contribute important
information for understanding the mechanism of TL as well as for application in radiation
dosimetry UV induced TL in LiF TLD 100 was first studied by Pearson snd Cameron®:’, 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 1t is generally known that soft-UV nduced TL is due to transfer of charge carriers
from deep residus! traps, 1t 15 not known what the desp traps actually are and how does the
transfer take place. In the present caper a detaiied experimental study is carried out on UV
inchuced TL in LiIF TLD 100 and an attempt 1s made to explain the transfer process in the light
of the observations.

2 Experimentai Procedure

A powder sampie of LiF TLD 100 as received fror.: Harshaw Chemical Co. was annealed
at 400°C for one hour and exposed to abnut 10' R of *°Co gamma rays It was then divided
into thr<a parts and annealed at three different tamperatures in order to have different amounts
of residusl TL in the samples Part 1 was annealed 2t 228°C to blsach out peaks populery



numbered a« ! 10 5 Part 2 was anneated at 322 C Part 3 was annesied at 360 C to ensure that
onty one glow peak: @ that of h.ghest temperature? 'O remains residusl in the sampie Each of
these anneal:nys were done tor one hour 'n an ar oven Renidusl TL of each of these bawches
was recorded by using Harshaw 2000 TLD reader whose pan heater supply was replaced by a
nea programmer capable of heating up to 50 C UV induced TL giow curves were read for
the three sample batches as a ftunction of A of incident hight as well as temperature durning UV
exposure Ail UV exposures were carried out using monochromatic hghts of band width 2 4nm
{tul width at halt maxsmum)} The ight source used was a8 Xe iamp (Bausch & Lomb Cat

N° 33 86 20 01) with a high efficiency UV monochromator (B & L cat N©33 8625 07) Light
ntensities were measured using or. EG & G Padiometer model 580 placed st a distance behind
the sampie posivan and corrected for the difference n position The observed peek heights in
the giow curve were norma'ised to Jbtarn the TL intensity per unit photon fluence at each wave
length

The study of temperature depedence was carmied out with the same sampie of TLD 100
except that it was ground very finely with a mortor and pestie The annealing trestments and
gaMMa exposure; were samae as described sbove in this experiment 5 mg of fine sample powder
was deposited on ¢ reader pen by sedimentation in aicohol and drying 1t at about 100°C This
made 8 thin up.form laysr in close contact with the pan, so that the sample could be assumed
to have the same temperature s that of the pan. which was mesured by a spot-welded
thermocouple. UV exposures were given with 230 nm monochromat.c hght for i5 seconds at
various steady temperatures of the pan from 25C to 200°C and TL was meassured after
exposung at esch temperature

3 Resisits and Discussions
31 Effec's of Residusl TL on UV induced glaw curve shapes and intensities

big \ shows the residual TL glow curves of the three samples namely those annealed at
228, 322 and 360 C after 10° R gamma ray exposure The relative integrated hight intensities
under these curves are in the ratio cf 506 3 7.1 As expected the residual TL intensity falls
sharply is the temperatura of post gemma exposure annealing 1s increased Fig 2a shows three
typical giow curves after 230 nm UV exposure of the ssmples For the purpose of comparison a
glow curve produced by €0Co gemme exposure 850 1s given This figure demonstrates very
sighvficant chai.ges in the structure of the glow curves produced by UV exposure in comparison
to that nf gamma exposed samples Fustly peak n© 4 13 absent This 13 1n agreement with
Mayhugh et al' ' and Sunta et 82 Secondly relative intensities in individual glow peaks changes
remarkably with changs n temperature of post gemma exposure annealing These changes are
spec-ally more n 228°C annesled sampis where peak NO 5 appears with weakest intensity in
comparison to other pesks. Fig 2b shows the glow curves with 290 nm exposure, where agein
228°C anncaied sample shows 8 compiete reversal in the intensity distribution Drastic changes
in glow curve shapes of LiF have been observed eaciier by Zimmerman et al' 2 due to the effect
of pre exposure annnealing temperatures in the present case the observed changss sre related
to residual TL

Sinca TL can be induced in LiF by soft UV only if the sumple has been given 8
pre gamma exposure andthen annesied st a temperature less than 400°C? 10 keeping some high
tomperature traps still fitled, it 1s reasonable to sssuma that such TL is indeed due to trensfer of
charge carriers froin high tempersture stable traps to those relsted with the ususlly observed 6



giow peaks The present results show that the transfer process s not of simple type in which
optically liberated charge carrers would be recaptured n the smpty traps 1n the same
proportion as during X or gamma ray exposure It appears that the transfer from a residuaily
filled trap to empty traps :s of preferential nature 1 e a charge carrier freed from a given trap
may be selectively captured 'n particuiar category of traps rather than being equally attracted
to 8il the avaible empty traps For exampie in case of transfer form residual 7L peaks sppearing
sbove 400°C (Fig 1 curves B and C) the recapture probabibity is maximun for traps of peak 5
and decreases 1n order of pasks 3, 2 and Y This creates an intensity distribution in UV induced
glow curve nearly simiisr to that of gamma nduced glow curve. (Fig 28 and b, curves 2 and 3)
But on the other hand when the RTL extends 10 300 C or less (228 C annealed sample) the
transfer is more 1o peaks 1, 2, 3( v thisorder! and lesst to peak 5 (Fig 2, a & b curve 4}, Such
preferential transfer would be possibie if the residual psrent trap and the capturing trap are
physically close to each other

The overzll irtens:ty of the glow curve produced by same 'ncident 230 nm UV photon
fiuence in 228 C annesied sample 's less than half of that in 322°C annealed sample, although
the total res:dual TL in the former is as much as 13 times higher than in the latter This shows
that the presence of extra residua’ TL in 228°C annesled sampie {(spart from that of above
322°C. which 1s common in both) is unfavourable for transfer of charge carriers from residual
traps stable above 322 C 1o those corresponding to usual five glow peaks In particular transfer
to psak NC 5 5 lesst favoured

3.2 TL Intensity a3 a Function of incident UV wave-length

in F.g 3a,b and c are plotted the TL peak intensities of indwidual glow peaks as a
function of X incident UV light for the three samples Each of the curves has a3 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 1n the curves should mean thiat the
efficiency of trensfer at corresponding wave lergths is maximum The most prominent peak at
230-240nm lies between the F and Z; absorption peaks of LiF Thase absorption bands appear
with significant imtensity in gumma irradiated LiF crystals annealed between 200 and 400°C'3
This indicates that the residual trap from where charge carriers might be getting transferred may
be either F and Z, certres or another centre closely related with them The additional
indication of a hump at 290nm 1n Fig 3a, would mean that in case nf 228°C annealed sample,
the residual traps of stability between 228 and 322°C transter their charge most efficiently
under exposure to 290nm UV The glow peslt structure for this case (Fig. 2b cur,e 4} further
suggests that transfer 1s preferential to peaks 1, 2, 3 and 5 in order of decreasing preference.
However no corresponding absortion band has been observed in 290nm region. Thore is over
tenfold higher overall TL intensity induced by 290nm UV in 228°C annsaled sampie than in
322 snd 360°C annesled ones It means that with this wave length the trarsfer is mainiy from
traps stable between 228 and 322°C, where as by 230 240nm UV the transfer takes place
principaily from such traps which are stable above 322°C The relative integrated residual TL
intensitios os well as the UV induced TL peak heights are tabulated in table 1, which bear out
the preferential nature of transfer phenomenon.

3.3. Temperaturs Dependence of UV Induced TL

When UV exposures of the samples were carried out at different temperstures, it was



observed that the induced TL intensity incresses with temperature ot the sampie until the TL
peak begins to bisach out thermally. Fig 4 shows the resuits. This observation shows that
termperatura dependence shouid be taken care of if TL phosphor is 10 be used for UV
dosimetry. it was obssrved thst intensity of UV induced peak 5 can be as much as b times
strongsr st 150°C sampie tempersture than at room temperature for the same UV exposure.
This kind of behaviour has siready besn reported earlier in natursi CaF,'4. incressed
stmulation of TL with increasing temperature would measn that relsase of charge carriers from
the perent residual trap 1s partly due to thermal activation in addition to optical activation
under incident UV photons. If this is actuaily so, the transfer sfficiency from the residual trap
and consequently the observed transferred TL intansity should incresss with temperasture
eccording to Bolzmann's velation for population in thermally excited states ie.

|« exp [-AE/KT}

where | should be TL intensity, AE thermal energy gap from optically sxcited state, to free
state, k Boltzmann's constant and T sbsolute temperature. The total activation energy to make
a charge carrier free from a deep residual parent trap before getting retrapped in other vacent
traps would be equal to snergy of UV pheoton pius AE. The above relation would give 8 straight
line with negative slope AE/k if In | is plotted against 1 One can determine the value of AE
from such a graph. Actual plotting shows that this relstion does hold good with AE = 0.12eV
for the sample annealed at 360°C (Fig 5). However for the other two samples we do not get »
straight line. It is because mors thanone kind of traps are involved in those samples, whereas in
360°C annealed sample only one king of traps, which are responsible for TL pesk of highest
temperature are residual so that only one activation energy would be involved,

Table |
Reistive TL pesk heights in UV induced glow curves of the thres samples
S e
Annealing temps { C) of the samples L 228 322 360
Reiative Integrated Intansity of residual TL 50.7 37 1
SRS AU S
Peak 5 height
3 with 236 nm ‘gg‘,‘, (gjg) ’('ff
¥ s (10 '° Amps)
T s B e
&3 with 236 nm 316 (2.6) (1)
2 ¢ & (107 Amps) ‘ '
5 : 8 e e o e ---»--<~»‘—1-‘-—---—- ‘-----_-h-”p-—‘—-—-‘%——--— «-—--———-—J
2 2 .
§ A Peak 5 h.lﬂ'lt 53 10 26
z 2 5 with 200 nm 21.2 4 (:l
a (10°17 Amps) (21.2 @ ’
$ = ISR I -
3 ° Pesk 2 height
€ 2 with 200 nm 140 6 1
(10 ' Amps)

Note: Values within brackets are normalised with respect to sample with jeast residual TL
(i.6.360°C annsaled)
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Fig.1 Residual TL glow curves of LIFTLD-100 exposed to
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RESUMO

Este 1rabatho apresenta um e11udo expenmental sotwve PT1TL em U F (TLD 100) PTTL for estudods emn
funcido de TL rexidual. compimento de onde da iuz UV e tomperatur g da amostra durnie 3 exposncao Uv
fosam obt:dos 08 segu intes resultados

1) A intenuidedes relativas dOs prcos 1nchwviduas ha curve de emissac PTTL s30 acentuagamente diferentes
do caso 98 Curve de emissio TL nduzida por rgi0s X Ou gamma As vafiacOes da intensigade sio tao
drasticas g picos 1, 2 ¢ 3 podern ser maioras que 0 pico §

2) A shciincia ge transferincis por unidade de fiuéncia de foton tem um valdr MIXIMO wofu 3 luz ge
230 240 nm, s 1008 88 8MOstras estuaedas. 0 que Indica que umg das armadiihas resigua's 03 Qual se da
» wansterdncia da cargo, 18m uma semeinenca muto gr.nde com centros F e 2, A transferencia de carga
ae outra ¥maddrtha resrdual ¢ ma efetive pard 2 iuz ge 290 nm

3t A intenudade ge PTTL nlo ¢ proporcional a TL residuai total ge uma amostra £ aparente que a eficiencia
& transterencis dos diferentes hipos de armadithas redisinbuem oS transportadores ge carga oticamente
hiberggos entre & arrmadithag vazias diponivers, desiguaimente

RESUME

Ca trave:l presente une etude expérimental sur PTTL em LiIF (TLD 100} PTTL est etudiee en fonct-on
de s TL reswiuelie, du iongeur d'onde ge la lumiere ultraviolette et de la temperatuse ¢e |'ehantiion
pendant | exposition 8 1 UV Les suivant resuitats sont obtenus

1) Les intensites relatives des pics inchvidue! de 1a curve d emission PTTL sont remarguablement ditferentes
de celies de is curve d ervmion TL induite par les rayonements X Ou gamma Les changements d intens:te
sont teliement drast:que, gque ez pics 1, 2 et 3 peuven’ etre plus grand que le pic b

2} L etficacite de transfférement par unite de ia tiuence du photon pOssede un Maximum pour ia lurmere de
230 240 nm pour tous les échantiiions etudies; c est une indication que | une des pieges resiguelies de
laquelin le transfert de la charge a ieu resemble a centres F ou Z; Le Transfert ge la charge d'autre piege
residusile est plus etficace avec in lurmere dv 200 nm

3) L intensite de PTTL n'est pas proportion. . de a la TL renguelle totale d un echantilion Apparemment,
i ethicacite du transfert ge different type des pieges residuelies est differente Aussi, lea pleges residuelies
differantes redistribuent les porteurs de la charge hberees optiquement non egalement entre jes pieges
vides disponibles
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