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. . Abstract | .
Th:a :mdy mmusaud the phow-e:mamn md thumoimmm properties of

e :dmmomwhmmmm:edmmﬂyfor&mlnmﬂam

For :nwsu;mom of tberml.lly stimulated pmcum occursing in these crysuls an
malym of the thermoluminescence glow specut snd the wmpenmu depcndmt

© isothermal decay spectra was undertaken. Optical activation energies were derived by
~ assessing the efficiency with which thermoluiminescence charge trapping states were de-

 populnted a3 & Function of cxc:tatzun muiensth. These :cuut:ou energics, :herm:} md
B apnczl. wm.- then compared to provide an inrerpretation of the mechamsm of optml

'- cxmmom In addition the pmpmm of desp, thermally mcmnble chu:e mppm;
. _'j zum were investigated by a phommfemm cum zhermaiumemnce techmquc |
_ . The mbh:iwd favourable cha.mcm-isucs of the sorementioned charge trapping
U staes mbtwmd an evaluation of [ dnmmtry ystem based on the mhophomhmn-

scence propecties ef' these chumand. Results of post-irradiation phoqahcm dacay
-.mxgested @ ﬁtrther method wlmzb}' s}mheuc chamond could be uwd for radxmon
'_dosxmetry '

o
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CHAPTER 1

Intrnduction

1 1 Hxsﬁomal Background and Mativaﬂon fcr Study -
—ﬂ-:l@ fmt}\xpn*umﬂy recorded obsrvation of thermoiammcmnce (‘I‘L) was mudc

b}' Roben Boy{e ins report to the Rm'u! Sume:y m 1663 This had rct‘ercme 10 the o

' _'Iwmnesccnce obmved, in the dark. froma natural diamond to wmcn an external sourse

| of heat was appb.ed. Early obsenratzons ofthermulmnrscence recorﬁed nnural therm-

'_ aiumescence, Le thetmolummcmcc cﬂ';cd by mzuul. background radmuon ’th!e _
- these studies hld shown that heat st:muwed the emmmn of hght. and wus not s
o 'pnnmpa! cau..v:, it u gcn:nﬂy agreed that real progre:s i zhe mdemmdmg of the'

) _ thetmeiummecceme pwcess i:\egm in the fate ninetéenth eentury thh ‘the mpotts by S

W!edcmmn ar.d Schmide (3895) and later Curic {1905} Thcse conmbuuons cxammed

: 'the mduced themolummescem pmpemes ot‘ cmam materials after m app.zed upﬂsure :

to mmsms radiation murccs

Rap:d developmem fnﬂowcd w:th the :heoreuca! formulsiion of the :hermollm

mescencs- proces: bv anhll and Wﬂkmz(l%&) mwhlch the f‘orm of the thermulunm— ) i

_ escence glnw cumé

& uniform sate, Gwen :he sumsa of this work in dmmng the thenmiummescence '

' phennmnon, the use cf this techmque in r&d.tauon dunmer:y followed sw:fth, moti-

ms conszdmd when the thermalurmnemnt sample was hented at

vated by the mcm& of Dameis et ul. dunng the 19505 "I‘lze pnnc:p!c br.hmd the e of L

: thermnlumnescenca phenomenon m radixtion doumeuy is based an the fact thl.t a_
' munber of m;temls display thermolummmcc glow ir ensme: that m propomunai o
- to the radmt:m dose nbsorbed by the material. Damet* et dl. {1953} f'ound L:F to be 8 :
p;mculurly 3ood material to use i in udm:on ﬁcsmry bocaujlc ofits lugh sem:tzmy to

mmsms rad;auon: Th:s p:cneermg work precipitated intense remrch into the develop- R

1



ment uf thermclummt deteczors 'me mmns work mbumd tachnm.i mnovauon |

__asml!as new phyucal znsxghu o theprocessv _ . _ _
_ Dcm&ﬁm&amtmmmoimmmmsfmmordﬁmdumnd,uhunot -
hcm unil very receaﬂy that the use of synthetic dmmami has been senousiy consiered y

asa pmctm!, vuble sensor for radiation doﬂmetry Rndumm detectors. of which dis- .'

'mcnd form the main sensmg zlement, huve been shosm to exhibit many attractive fea- |

tures { Keddy o al, !93?} "faey huve"ghe adm:d advantase of shomug a response 10 x

and ¥ ra.ys such hke that of mﬁob«l\nﬁ tissue {7....- 7 4) becauu dumnnd is mbon

(Z=6). ‘*Iatuml dumonds ae dzsadmzxsod in pa:ticuhr by their rci:twely low sensic -

- tivities to mmsmg radmuons md the fact that 1o two stone' can be ns:umed 1o be alike, |
. As a result, ngomus :esunz and selecnon pmoesm are raqu:md w find rrystais wuh o

smtabie. similar chumc:mnu. ‘This mtkcs th!: gepexa} applu ation of nazuui dmcmd
dxstmct}v uzmmmve when cnmpm:d to othﬂr car&mercuﬂy audable mdut:on de:cc-

~ tors. With the udveut of unpmvad symhes:s u:chmquc: hovmrver. synthmc dumnnds L
miay be tauor mads’ to contain controlled impurity conccntrnzmns 1a particular, crys- N
tals for themmlum;resmnoc downetry {TLD) can be synthestsed ta exbibit nropemes

‘ wh:ch respond Linearly mrer & range- of radmtton doses seldom mutchrd by other com-
merczat phosphors Theu' smsll phyncal ssze (~tmm‘) raake thcm ldellly suitable for

mcmtonng of radzman ﬁeids requmnz tugh spatm} msoluuon, &g, rsdmthcrapy isodose

 profile « detemnnauox.: In cumrast to the raore "tcnuently used TLD mze:mls. such ar

hﬂnum fluoride and lithium horate. notably, dumond is netthar toxic :f mseswd nor

| _hygroscapn. and can thus be used m vive w:th grcat canf' dence,

i}esp:te the s:gmt‘ cant ndvantages of usmg dmmnd asa thennolumescam dem.- s 3

| tor 2 number of problems stifl persist wuh the thmnoiumnescence techmque In pu-n : |
tu;ular dismond crystal wnples, which have no regular geometry. tenc! to exmb:: 2 . -
R 'muceably different glow response depandmg upun their plmement and orientation on

- the hegung element. Of paramount importance tu &he thermohunmscenc: technique,

are the Storage and stability properties of the chasge trappmg stutes as well as tl:e_ ef-



Ve

- fectwedoumngeamwhmhthutwhmqmmybeapﬂud Withthelawpammam_'

' "mn'ogen ‘cancentration ayntheuc dumand. n.turman efFec:: et in at nhu'nty !aw re-
:duntm dases. of:heur&woflﬁﬁy Aiaonf‘comnthefactthutchngctrmf'

- states with m;ppm;depthswhmh ars expr.cted 10 guarantes suitable maepmpertws, |

. exhibit a.nomhloux km of tbumdmmm s:gm.b. To overcome then problems &

= pcmble aduncemenz in radmnowdnamezry :mgh: bea :h-.ﬁ from 2 thermal to an op-
- tienl ac:tmtmn of the detector Pmiiel to th!.: ‘more pmctml aspects, apucll probing
ot‘the sampie is advmuged by the tb:hty to probe the deeper, mou mb&e tnpswhﬁch :
: mmmmmwmmmm:mmmmmmtm-
| range of the thmhnmnemee technique Fhowmmfumm of the carriers &om t& '

':'deepermpwthuhanomr m&mambhmpznuechmqumwm

Yo,
.

B mwmmwnmmwmmm:umm' __

uaemdconkishadh;htomheprmwwm‘a ;mmtathﬂess than ideal fading

: mmwmm»mmmmmmmnmem This
zsthcmmnmfmmmhimoﬂwmlﬁm ofthethcucthmohmmm_
" dasimetry d_nmond: made by De Beers Diamond Research Laboratory (DRL) for

radioluminescent dosimetry applications,
This dissertation reports on:-

| ._-(l)“eﬂwm&miﬂmﬂmﬁmwm&m!? n TLD diaond,
- (b} The relationship between thermal and optical activation energies which sharscrerise

thethfmcmummthmmnd. N

o {erA compl'uon of zhemw}umasmce. phosphommc und rsdmphotolum:-

cenf'e mdutmn dosimetric pmpertm.

PR
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= N

B Ali thetmok;mesceme msmmts were perfum*d on 3 TOLPDO 654 reader,

 coupled to  SPECTRUM-88 multichannel anayser. Tae spz-:craw 8 m.'ym i
a moprocmor based, stand-alone, mtym with 4096 swm.! backsround memory
for buffer storage. For data acquisition the SPECTRUM:HY analyser was set te operate
B _-'mmemum.mmmode ummsmmungxwmg mtﬂn‘!‘l.t}dumondsc a4 B
. be stored on 3%” ﬁnppy disks fm' Itter nmlym and mm}?ui ;tmrf.

chl
C e

g\ .

\ \.. Opﬁcal Abwrpmn Messments
TheTLDzhamndcrymismuHmoumedmudarvm nusmzredphotompm .
| N sai‘e-nhghs The samples were mounted in an mdmm mnk' w!uln bang viewed undu 'y

| _ __rmcmscape A red ﬁlm was supmmposed between the sample and the tungsten hmp
| microscope :llummmon which was opernted at its lowes: senting. All optical absorption
o :pectm maequmdbymnmngfmmﬁniongmw‘mgthwthubmmwmnhmd :
o of the optical ahsorpnon spectrum. These msmmnts were peﬂhrmed at room tzm-

peraturc. in the nbsorbnnce mode at 2 om rm!uuom usmg % Perkin. Elmer Lambda ]

'doub!e beam spectrophotommr A pur of 90 mm fml Iens:.h cnndemins hnm wnte |

‘_ :
Uy
N

P

- placed in the umplc beam of tln. apecr.rophotmter A filter change at 379 :un ada |
' Iamp chmge at 339 am. winch were requu'cd. pmduwd dﬁconunu:m in zhe dat: '!'ilm"

- d;scaaunumes were wnoved usmg the mul‘acmrers base!me comrection saﬁw;re



_' 2.3 Isathermai Decay Memmts |
The s;stem which was hscd for the{\uathml decay muuréﬁum; is shovm in ﬁc
i

ure 2.1. Depicted is a cross-semon of a s:x-pm vachum chumbcr m whmh zhe spemmen '
was housed. The diamond was foused in & x.omca! chamber (A}, which was mtemlny '
conted with # peint having specnf‘ ¢ reﬂecuve z.hmctmmcs as follows: F‘.gm 2.2 shows |
these :.htrac:mmcs oi‘thc ;mnt as s funct:on of the mvclengm The pamt was also

chosen to withstand :cmpmtures in excess of iOB“C. Ttus requxremcnt was wns:dered T

o unportam for high tempenm:e mtherrml decay msumts conducted at t:rnpcr -
atures in exvess of 290'!‘.‘. The laght em’.tted ﬁ'om the dmmmd was mﬁmed 283 puraliei '_ |
o beam ﬁ'om a concave mirror {B), 0 pass IhrOugh the =xat, conical chamber aperture (C},--"_
onto the photomulupher mbc (D), which was ﬁxed on s apemlly constructed flange (E).

- A Hummauu mode! R928 phmomultxpher tube with & mumm detect:an efficiency o

: mthemmmnregmn.coup&edm;momEMi photoncmungumtmsnsedfor. o

'.ﬂgual detectmn. Thc coun:.ng unit was mterfacea fos persnna! eamputer vin the

| Rs-zszapon for automated control and data mampwanon Also d(.plctcd in ﬁxum 2.3,

}:‘e the rcﬂectwe charaectmmcs of the marror. wiuch m«chesen to vrovzde good e .

flection of the light signal a1, and above, mvclengthx of 200 nm.
. For the musuremem of the xsmhemu! deuy spec‘m a eiwated tﬁnper&tua:s.

_ho!der K (ﬁzure 2.1} was rephced with & spemlly constructed mmpie holder Daplcted . |
ine i‘gure 24iza crass-sac’mn of the holder :homg the ‘holde: heud (A). with feed. - |

through hoes (B} for the leads of the super-band heating element (D) and the

themomupie SERSOL (l) Buth the thermocuap!e smd the heatmg eiement were co:mented_ B |

to an exteml nnalague tempﬂﬂl!!'e con:roller, whmb mmttmad the tcmperatnre to

B bztte: than 1%. As the holder head was fabncated !‘mm TUF\OL ‘which has & mixie
. mum témperature :o!erance of 130"{3‘. it was :henmkgﬁuuulated tmm the brass piece

{E), which was machined to fit the lmtmg element, by & cyhndncn! ceramic pomoa {F)

The m.,c't "VIEW (", shows the themmcauple :emor (b, atmhad at (1} to the brau- '

| block 1!(} Also depicted is the samplc p!ammnt (G} on the copper plut* (i.}

e
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© Accurate temperature control at the sample tﬁcation was achieved by feedback control.
 The required sample zgmgeﬁmre; for each isothermal decay experiment was sxsernally o

| . 2 4 Lmission Spectra Msasuremats

The ermmon ipccm fmm ‘the dismond crystals at‘ l:.ru mtmgcn content were .-

. -'dumg phosphmcmnce deuy x\vos:-em:mon’ mth u-pmxcies !‘rﬂm | ‘“Am '_ '

sovece and from an nlmv:ok: h‘r(t souree.

. 'dunng exu.ntauon wnh hz{ T the smu: wﬂclmzihs as those used 'fpi
T
a rad;ophom!ummcc dosunetr) ' I

B . by thc mhodo!nmim;ée_n& tecﬁhiqﬂ-_; -

: (BWWMEWSM& |

For the msumm of the se!u:t.on spoctrum nf the dumnd crystal dunng .
_phusphoremme. the vacuum chanber {tu;m 2.1} was rotated throush 90° with respéct

toits smzcal wz, and use way made of the rennmmg set'of ports of'a wx-port chamber.

_ _in this case (cfﬁguu 2.5} & mirror tM of 30 mun dumetes md of 25 mm focu imcth -

: v.as housed at one cnd of one port, and & lens (B) of 250 mm f‘ml icnsth was monnted

on a flunge whuh was fixed to the oppos:te port. The monochremtor mput (!J} was |
coupled o the exit flange of the 'va_cuuni chamber Sy means of & l_igliéti;ht amngemt .
' incdépor&tiu; & set | of beiloivs {C); © ‘that, the aigml' could' be detected at the
o phetomq‘nphcr wbe {F), which was uaupt-d to the exit of the monorhmmtor sht {E) :
The coacave mirror-lens combmatwn aliowed light from :he :sotropactllv e:mmng dm-'_ i
~ mond sample, ficed a1 the <hamber centre to be reﬂected as 5 pnrn!lel beam toward the

forusipg lens and onto the mon_ochromtor _sht.z_Sl} mrm Away, aiter an initiat dosing pt‘

10
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nated with excmuon light of pwdctmed wav:length. was nch:eved with zhe exper- '

1ist 1o 4905, t, Using this s;,rstem the relaxation spccm were msumi at lugh o
vaonochromator scan spﬁﬂﬂ& | |

_' _-(ﬂ}?hkaﬁopbntnium&mmﬁpwtm

The mn::mnt of the emission spectmm when the dumond crystais were mumx- _

o mngemenz compmmg two filter haldeu { A& B), a mbie ({:} for samplc mountms and
 optical fibre (D) with “VIEW E° 'u shown in the inses. The com-phte could be fixed
at the threaded holes labelled H1 and H2 in the mset |

‘!wo light suum were med in che radmphmolummescencz spectm detﬁmumtmr.

A0 W Deutenum tight source mounted in the light box and uttached &UF could be

switched on m\\m oW \4erwr}’ Pen-Ray Ia mp cowld be muumcd &t iacmm G Lxght.

f{;m e:ther o&:ha sources, pre-selecm by th.-.- swubic chmce o!‘ ﬁiters. xllumaied zhe '
dinmond cr}'ml* on the sample table, enabled the msnmt o!‘ the emiwion 3pec-
_ Fam from the uxamond crystals m the ﬁbre opuc 0 the monochronutur mput sht. 0 |

be made, ' ' ' '

- iy C:thodo!umimxm ‘ipectn

The meammrmt of the uthodaiuﬂnnemnce spectra was eﬂ'ected by meaas of a

: -custum-bu;_.t system comprising a Cold Cu!mde. Electron Gun of varinble LRRIZY 431~

_t.ings in the 0-18 keV_mn;e:hmumegi inone of t!_te vacuitm chawiber ports and ¢ g:ryosm o
probe for sample mounting. The slectron gun was tken from a4 model ELM2BX
luminascope and adapted for use with the szxpou vacuum chamber system. A_ci:ed.' |
is_ix'antage of using & cold cathode gun over the mon cﬁpmrti&mi heated ﬁhmt gt.n,

pertains to the positive ions which form patt of the cold cathude disclmgc_. These ions |

13

_ the dwnond cry:.:sl. The rnonochmmnzor gnnng was drm:r by x steppmg mowt. con- .
' trolled by Persaaal Computer w&m Emblmg of the mozured acan, followed the set~ -
- ting of thc appropmte SCRD ParameLers. The scm speeds couid be varic*. fmm iess zhm -

_ imental mstrumenmaon of ﬁgure 2.7, - Depicted is # vertical cross.secmn of am
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o sérve s.o mumhne the &ﬁd«up of:pace clurge on t'u: sumple mrfuce, thrrrb" demas- " B
ing the Coulombw r\.puimn of the mc:dtm electron beam f’rom the samiple g')rfme. _ !
The iens-mm-or amnsemem of figure 2.5 was used for the moasurement of the

cathadoiununescence spectra For th:s purpose, the probe dcr:c:cd m ﬁgm 2 g was

mounted 0 a specm!y comtnmed flange to replace the probe stmwn in figure 25. A

..:cscnrmr {A) consisting of‘ 8 cylindrical veesel (B) of stam!ess stee! in which the liquid -

mtn)gen cnuld be placed was used for cooling the «ample sn-:aze-.i at 1ocauon C. The |

. copper attachmenn_ {D) on which the samplc loader (E), also i‘abﬂc_ateé_ af‘ copper, cou!d__ '

| b& fiteed were soldemd'w the cy!iiidricxi staintess steei vesset {B) with silver solder. The
choice of copper and silver, both of which luve iugh thermat conduuumues in the roles |
dcsmbed was made o ensure opumai tmxsf‘cr of heat from the sarple zo ﬂa. kqmd =
| mu-ogen reservoir at the mr.er*‘am labelled Fin thg magram. 'I‘hr samp!e ioader conaisted
- ofa coppes plate {(G) attached to s cappcr black {ﬁ} und is shown !‘or ciamy as “VIEW
A in'the inset of the figurc Both the copper b!uck and the phu:e on whxch the sump!e :
was mounted were caauui with a !ayer of gnld ofe i‘ew microns thlckness to suppres: the
| baceround signal which would result from the :xmmon of cupper L

For meanmgfni musummzts at nquxd mtrogen tempemure. the vacuum chamber

hnd o be evncn:ted to & pressure of 100 millitorr. The O-ring soal which islsbelled Tin - |

' the disgram, was neeessaty to maintain sood m:uum Also shown are tha handles o

* " which fmh_utad the anguir orientation of the smxple. Thess handles, wh:ch_ are fixed -

t0-the rniat'ablc_ et {K} on which the reservoir is soldered, aﬁowi-amdddeiue lﬁguhr' |
| settings to be made, enabling rcproduczb!e derenrmuons of Lhe cathodalumma»cmee : |
ypectra of the dumond crystals. A thermocouple was mcorpomed in the consmon |

10 measnrc the ethbnum tempcmure at the sample posmon -

2. S Photoluminescence Measurements B |
“The mdxaphnteiunnuescence (RPL} tecbmque mwlved the s.mtul mdmuun of the
'dmmond sensor with ¥ or B radiation, fo!lowed by x :_ubsequent_ z!!uxmnmpn_vmh '
| | 16 o



I wolved:

N

LU

* axcitati Q] hght ofa spec;ﬁc .andwsdm, centred abouz ] xmu wave!ength The mtmuty__ _
: ofthe \ped Light, oemred sbout r.he/—\pal em:suon w:mienzm, was then m..amd._-

fol" dose %Fpendcnw studies usmgjh{t eapenmtu! mngemen: The fai!om meaw__ B -

uremms \lm also performed 10 pmvnde further mstght into th‘ ph}mcal processes ia- |
Y TS

307

¢ the opt:cal ble&chmg of thc thcnnalmnememe sx;nnls as 2 f.mmwn af the vm*e-
| iensth of sumulauns bgm |

e the o;mca! bleachmg mpcnse of the thermoluminescence response as & function of

| thc penod of m tan !‘or hght cf pfe-se}ected wave!cngth.

. tht e:mmon spectrn during phosphommct. cathodolnmamc und dunn;

exmuuon with I:ght of pm-detcnw..-ai mwlensth

U;St'mi bleachinﬁ meamrcrﬁems.- as well as measurernents of the résponsc ef' the

- diarmmond ctymls to light in the near ultraviolet {320-460 nm) and actinie {260-320 am}

o ranges, were cumeé out using & Bausch. &: Loumb high mtm:t} {150 W) Xenon lighy

- souree, wtuch wWRS amched m x sratmg-type monmhrcm:m .mt for opemaou in the |
- __ 3“0-900 nm vegion. ‘Shorter nvelenzth were ubumed b‘y explmtms sscond orciet'__'.'
. d.tﬂ'u-"uon effects i m comunct.un with the uze uf soitable bandpass ﬁltm. Dcpwted in |

ﬁgure 29 is the spectrat smission of the Xenon Iamp supplbied Ly the m"nufnc)z}trer {solid

| line). For the absolate calibration of the, mdmnt povm of the Xeaon larap %&hma diode

 detector, traceable to an absolute tamometer, was used. The monochmﬁmor muugs' :

- were calibrated by adjusting the settings _for cgmc:dgnc%mth publ__:shed values for the

mercury lines, An uncemimy in the calibration :of &3 nm wis' attrib&téd to the non.
hneaz ity of the momchromator The radmnt power outpul veas measured i m the doo-sao

nm wavelength *cgmn. m steps of 50 nm. Figure 2,16 shows the expenmcmai ammxe-

_ ment used for the mcasuremcnts. An crdez-sonmg_ filter (F) was used to eliminate

. o
I
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- Hare R; zs the abmwr udmn: power, R, it the radiant power. msurad at the nlgcon .
- detector, I};s the filter mnsmmxon factor, To i is the aeumi density fitser mmon -
o fector ami ‘I} is the kas tm:smzmm fuctor Depacted in inaum 293 :s the muk af‘ these :

' mmmmemt Whlt ms evrdent L the ouuut was the obunman thu *he ﬂmmon

' \ms‘ made o calibrate tht-. Xmon iamp n the ultraviolet rcgmn ab:olu!.ely as sui:ab.s- }

C-' C

range of mvelengtha the SCROTT WG34s ﬁltcr was uscd, whu;h tnnsnnmd 55% o_:!'

the light of these mnlen;ths In the 630-800 nin mmenm region, the SCHOTT
 OGS70 filier was used, which transmitted 91% of the light sxgml. The neutral denmy |
~ filters (N), were used, mmglmtsonshown.todmutheuamuem mmbmmb- o
iting the rmedoadmg of the phmo-dwde S " |

Al the mlsbnuon measuremerts for the Xentm hght source and monochromntor

B auembly symm ':urc cunducted thh an entrance :ht width setting of 5. 36 Tun u:d m
R 'em slit width setting of 3. 00 . These were the mm;; used for the muurumnt 6!‘{
th!: opucal h!ea:hmg SpRctrR. The h;ht emitezu from the exit slit of- the monochn mttor _

‘was. colhmated ton pml'ei béam of 40 nmm dnmetcr by the sirst lens {L.), which ;ud a_'_ e
focal leag'h aNO rurm. The h!tewdpa:&llel lght ot filters F and N (cF figurs 210) m' o
focused by means of the seccnd lens (Lo) oot the silioon photo-diode (8. The final

value for the nbm__h_stg light intensity was tlmefmg _d_nrm':u {rom the expression:

: 7}"1“*:; .

| " _ :mensxty lud detemmed lppremblv fmm the initisl antumity Dﬂpm this hrmunan,
. :he mtens:ty pwved adequate for the msmmm ‘of the optu:al bieae}ung of |
-thcrmolumemnce srgna!s by the cho.ce ot‘ su.:sbie xlltmunauon exposms hn mempr E

'qam lenses werc uﬁaumbla R R o o |
The md-ophowlummemwe msumts were takcn wuh ' speml.y deameu

. system :ncorpnnmg the sxx-por: vacuum chambe: depicted in ﬁgu;'e 2 l & iem focus. .

.mor.d m-der mveieng:h: 34 the em slit of me monochzomawr in thc. A0 nm - <
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msqm&ommﬁme:li.mmmdatﬁmthepcﬂwummw _

chunb« For the mﬂmphmohnw mmu. muz&ng light of fixed

mvel:n;uz&omthem ﬂit{\i;oﬁhemnochrmwmdmtedomcthe&umd'
mrmhns monmedn :hcmmcfﬁu&ambu(ﬁ) 'i‘hedumandcrymlm_

nmmwd umgn :op-lc:dmg system(&‘ The hght emitted from tbeditmandmsw
 fiecred fromaspednﬂyconnmedmwm(ﬁ)mthmam onﬁcl.- mdacon-
ml housing chasnber (G} mtema conted \mh !ugh rcﬂecamy paing, to pass thmu'h

. t‘slter {5, moi‘:nwd on the filter w!we! (J). omo a Rm photnm,uhoim tube (L) w!mh |

| was couplud viz the photun counun; umt toa Persomi Computer Focusmg !cnm of
B ._ qumm were chosen to pvcmde good transmission characienstics {cf figure 2.12) at, and
' ubovc.’ﬁemmh;htsowmzmnu;hommsasuWmaxymutyhmp

©) The photomuuon nvmh was conuwzr sehmd on the Mel‘-‘hmon mdal

273 L V.visible scanning monachmw :yncm which was’ capnbie of opnme;:\a the

- issa!OOOnmmnga Thcfmnsof:hemcxdmth;h:omothenmplemb&udupm

the mu&cmm mﬁcmw that the light from the mon.xi‘hmnutm exit slic is di+
mt.ﬂ!&mmmnhdghmd&ka&mhufm&mehw'

m:eiymmfhudma:edthacmﬁmgfm!knsthe':heﬁmm %emm

-of {hc mzrror was chasen 1o numrmse the solid an;h'. wbtended by the focal point ofthe |
| :mrror. whm t_he ump!e would reudc, wh:!e nnowma the fcmed buxn through. Thc :
: m.u iength md t':e disunce of zhe moné !ens From the dumond crysial was dmded_

upnn usm; thc t'oilowing exprmsom l‘or the nomemc pammte:s.

Te Ty

o
Y

sefrm . ae



"'Hemsnthcmmondmhns&sunm,dnthzwmbedbumdnckness ., mheradius :

. _'ofmzmofthcmor.nummof!‘mudbumutlammmamnk'

]

the radius effocmdbumatthedumondcmulpouumfu the focal ien;'h of the
secondlenund.\;uzheduumﬁnmthecrystdtothefouipomtof‘themnd em. '

-mMMMwmmmmMMmmhalmhmmamw- “
“ muyuahbklemmﬁupmﬁunmmwtbcalcalatednlmmZamm'
) '-cnomt forﬂnmmdiens 'I‘hz;:vm exXpressions were then znvmedtcobumthecor-_
| vect Jens to sxmple distance. |

red

. T {2.5)

¥,
x:-?;’:%;

' Theﬁnaigemtrmlapmf‘mumcfd-wmm.r.-w mf*zﬁmmdnﬁzm
- were similarly obtained. Using such & lens system,  the asouopzcaily emitted light from

the TLD-dumord sample cou!d be reflcted as & ‘paraliel beant into the photomultipber
tube. Tbe ﬂux of the parallel beam passing :hrough the conmtrlc area between the exit

'-diametcrcfthe ‘.'mm! housing mdmm o!‘th-marror Wits mﬁamd by the

specially mzad lurfhce mto the detector, allowing for minumj !ats of mmd light, All

3 'ﬁ“ Photolurmmm MEASUIeMEnts Were c_u_md ous um; th:s experimantal arrange-

mt.
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. CHAPTER3

 Analysis of Results

_31MethodsofAnalysls o o
Al mmumsauun p:ooedum for the pmcnmas of pammer emmnm wm hasnd

v the lust anam opummuan pnnmpll (Muqurdt. 1963} The ggmhnd smghted'
'_!em squm ptob!em can be e!al:mted on as follows. Let S

Z w Dup -8 u;)]

!u!

 be the quantity to be minimised. Here A is prescribed by the nurber of duth points, w,
 is the weighting factor for each data 'poin:;m it the experimentally measured function

value mé m :s the theorcmlly determnin.d expectunon value, The latter is o funcnon-

of the g, parameters wh:ch &cune :he themnca! expectauon Most cumnn!y w, i
;,(_L!n the ht:ar instance the qummy being nummmd is Chz- :
squared {x?). These mmumsaunm, in pnctm. tend to waght the data pomts ioimt mn

value to s gm:er extent because or:hezr -t depmdmw In this study it \m fmmd that |

chosen to be unity or

better minimisations could bc achacved by ukms Wi l ie by weighting al! the data -

- points cqualhf Thﬂ munm:unan of the sum of the errors sqmrcd for each d;ta pomt
("SQ) was m.hnmd by finding th& :oluuom for the extrcma dmnbed by exmsuons .

3.1, z.e ulues for u, {or whsch

imt

5 {Zw-m«,}, ] L S
'-is--sxtisﬁéd. This deﬁries & set qf_}_equation: {or the o, pmmum in suma caees thepr
‘equations are linear and can be solved in closed form. In other cases & nonlinesr set of

25



'eq'uationi havé'zo be ”l"’d'. In ﬂ“’ ﬁud? the nonlinear émtim: .whxch' ' mz.cdm . ..
solved by cither of the Leveburg: Marguard o the MINUITS aigorithens described in

the foﬂowmg m‘tlon.

| 3.2 Analysis of the Glaw Curve "Speca'a

Fer the anahms of the glow curves derived i thix study, the methnds of parmi and -

: 'cumplcte curve fiuing were usad tn derive mumtes for the wrapping parameters. Both

_ mr.hods requwed computauonal amlyus. All cnmpmmon lnr these purposes. was ;e
" cuted in FORTRAN on the 1BM VM/XA- mainframe system. For the nonlinear se-

.-gression of the msured glaw curve specm of the Fe-free syntheuc d_zamond sample,

.td__ xhe.:.- __theoretic_a! form for the glow-?:ur\felrgivaiz' by Horowitz er al. {1986}, the
© Levenburg-Marquacdt algarithm (Jorge ef al., 1980) was used to solve the system of

nonlmear eqnltmn! pmscnted by t!m pmbiem. The latter system is derived and a,wcn in
-App:ndzx I A FOR'!‘RA\ prngram was written wluch caﬁed the extem:l Lzbrury
_ ﬁmcuon \EQ‘\IP {f IMSE \!A‘IH LIBMR‘:) with an mmn! suess for the reqmred
| paramctm The soluuon vcctor wx:h the optimised purarmtm ware returned to the

~main program wh*n the nlgomhm conver;ed Apphcatxons of this algomhm convcrged

B ;rlpxdl} “hcn uasunable inirial guema were prov:ded _ _ _
| For the urulyns of the gencml order expmsnon of May and ?&rtr.dge { 1964). tpb

' phed earher in a similar form by Hulpenn et al, {1960), the remammx glow a1y he-

‘yond the :emperaturc 7. was detived ﬁ‘om the S;mpson mtegrltmn {ormuia 'i‘h:s o :

_. involved evniuatmg
_gn.ﬁfr_a_ttxr} IR o Ba

' numemaﬁy from the expenmenul dats. Here Bis the heatms rate, and (T} is the -

- perimentally measured glow intensity at a zempem:m 7. Tlus nmnencai mtemnm |

procedure proved accurate und rcl:able {ar th:s purpose. Far thc mmmuuuon pm of

/’ %



b

o

.Thenno!ummm_}cnw. K7

o Tempeﬂttnm

m:smm«unummumdmmmamm
mwmwwmmwmmr.hmumwwmmm
mhaﬂm#!}{%&ihlp«had..lm o ' S :

Kn)?s-?,onahnursndofbﬁﬂwbe-

this program, 4 tisear regrostion nfln\

‘tweer 1 md 2, was p:rfonmd. For each b-w.lue, the comhnon coefficient and 5$Q

' were wntten 10 an nntput fite for hter comparison and nnmpulmon.

.  The anniym ot‘ the glow. specmnn of the’ Fe-iree dnmond b’s‘ the method of' com-i _
| -ple:e curve ﬁmng mvaived the use of the NNMTS scnrch ul;onthm. A FORTRA\
"subrouuna was written whxch pmwded the 85Q, deﬁvod from the dtffemlce m vch.m_'

B obwncd from the zenemi nrder expmmon af May and Partridge and She upanmmly

: i musuned d.ntn. to the cxtemn! ’VIIN UITS mlm pmmm tor mimxmum 'nn mtetmi L |

| : .\.
[ ax expl - E1k1)
%



with Th spemfymg the initial temperawrc, was eva!uuted by a Rombera mtasratmn sui:s- |

_ruutme IMSI, hbnry fmam were not usod@xphczﬂy m thu minimisation, because R

_nf the extendedmnmng times involved in cdlmz these exzemal l;bury fanroas. ‘nme' |
hbrary funcuons were, howesrer. used 2y scparate programs t0 compare valusy derxved
by these routines as opposed to the Rombcrg routine written for the minimisation sub-

routine, The ma!ues derived from the latter routine were also compnred agmm pubhshed

~ theoretical glow cunres, such s those prov:ded by Randall md Wﬁkms (1945:.). in par- o
ta:ular. Both these cunszstency checks proved posmvz. and gavc an mdn:atzon of th; hxsh o
- Accuras, wh:ch the glow curve could be dcscnoad thcoret:cully‘ |

| 3.3 Analysis of the Isot!zennal Decay Spectra

 rections dzcmed by the theorencﬁ form exlub:ted by the spectra. in this study, the |

'fhe anaiym of the mxhemui decay specm tmeasured, proceeded aiong two d;- :

behaviour of these spectu f‘eli into mro gcneul sroupm;s, viz. expomtid-type decay.

and the mver'e-ume L l) dependmt mhuomlup. For the regrmxon of the expenmnui
dam 10 2n :ssumad sum of exponential componmts, an algamhm descnbad by Prony

_ | (Hsldebrmd 1959) and refined by Simos (1970) to acconnt for Poisson mmc wu.
'i;uul:s:_:d Simon used this method 1o provide estimates of the exponemml factors of: o

gl

multn-compmmmm systems wi'uch occur in sertain physzoiogxe stud:es Cated ;dvzn o

tages of thzs method ars that no uatmt 3uesses are needed for the requmd pxranj.etcrs - |

_and convergeaca of this aigonthq}\:s gwamced I‘ot d&ta con:auung a Po\sson, gt *tbf'

. e
oot

uted noise cumponem 'rms affoﬁed a umque method for bam the dr.*..smaum A

.“r

An npphc&tmn of this method xmmlms the mmal sumuon of the numbm n" exa

poncmm ;.cmponents.. A s_earch for twive as many co_mp_oncnts is inidnted. From the

‘components derived, only the real-vaiued solutions are taken i.e the oxillatory solutions

which describe the noise. are discarded, A pajsible shoricoming of this method, in gene

eral, regards the mavinnum number of components derivable because the solutions are

2R



obmned nurmncal!y I‘mm the mo:s o!‘ an u" .,rder poiynomm!. ” bemg twice the nuniber
- of required componJLf.s The sem:h for mrh roots mmnmcﬂiy mvo!vu po!"noxmnl |
_ deﬂauo&. In pncuce. this mm that the mnts of polynonmh of order > 19 derived by |

this chnique are prone o bc unccnme and often the mrch does not converge in uwe

phosphommm :tt dya maximum of tyo exponential cumponcms were requu'ed o
'dcsmbe the. expennuntal data to very h!gb comia.xon Ghm in Table 3lisa com- :

.- :pmmn af zhe exponenm! factors, recovered using the progmm used throughout t!ns
_ | study in ccnmst o thosa dmvcd by Smwn (!9“0}. The example in clased farm is gmn
. h}r:

. ,i\\ '. : ;‘;m iﬂz.ﬁ..zi_-l-:no.f-l.-.l "ﬂ-g‘f""“_l x Rf-!-ﬁ:uét? Qj-. Qy = u; i E
TaMe 3l
[DatnSet” | TrueValues. | Retoronce Article's | Values derived by
number | = Values custom software.
1 (0207084) | (0.19806760.9%) | (0:2040.767.0.990)
- o2 {osnL9110) - _ue._os_.:.qs.n,_qsn
2 . e leammosssoms | NIVTHOSE)
.- (041246008 o 4204060
3 IR (0.205,0.715,0.944) o (0;196,0.704.0.94_3}__-
’ e {10.1,1.92, 093) '_(9.96.2.69.0.947) o

' nm set 1 is derived from the nbovc axp;csssun fory and has no noise compamnb Das
'sets 2and 3 both hu'e a component oi‘ Pouson distributed noue ‘added to the dawa m

L. As can hc seen. the estimates derived by the soﬁmre used in tbn studz.r coinpares |

| fmourabay with published values derived mdcpcndcmiy and in most cases prov:ded bet- '_

N



&

_ ter estimates, All expomnm! mm:g precadures camed out in uus study were thmfm-

" derived in thiy MANET.

: For'th-: pafameter euimaticn' of the i.".éthemal' uecay spC'&rn showing an mverse
time dependence mher than the exponential- -type dependence, the MINUITS ﬁttms' --

B pzoccduru were ofice agmn used in thc !‘ashwn dmnbed pr:mmly The mbrouune for

'us tunirdsation ssmp!y involved wmmg in the expmmon to be ugres:ed in closed:

_.for_m.' S

B
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CHAPTER 4

Theoretimi Background o s

4. ! Band Structnrr:

The niost mdzmetmry results desch: 'rn'g the cnerg:.r stntes of eiectrons in crymilme
: sohd‘ . the band structure, }uwe becn dcr vcd frnm thc mim:on o!‘ Schrbdmsen

~ equation or a P'-"'“‘d‘“ﬂ“ Wl?ﬂ‘t ‘potential (if Kittel, 1986), which cha'ac:..mes the -

perfect crisial lattice. In the perfect srystal, the potenm! sausﬁcs the property ot’ in-
‘variance under a suitable crystal transiriion, and models such as the Krng-!!pnmy '
modet w‘uch assume such & potenis to characterise the perfect fattice, reveal that
aleczroas g the perfect crysiafline sold can exist in unowcd energy siates (bmds} whxte |
other eneigy values for these slectrons consmuxe forb:dden zones {&nds) | _

' The oscupancy of‘ exch eictronic b&nd is desérined by the chw!)xraa dastnbu!mn '
_,ﬂ!'z in'terms of the eaerg: £, which relates the density of energy. states, D{L), :o the
| I-:iens‘ty of wmlak satates, Z{ P.‘; at any given tcnper.uurc. 1. msureﬁ on the absolme _

“scale,

DBHZBAS @

jztﬂ‘ :xp{{f..: fzh‘krh_i - o ti_.;}

. i : s
In cxpremm 4.2, % refers !o the chcmlcal potent al of the system and is & funcuon of
the temperatire and the r:umber.of particle. in the systeny. & is the Eoltzmmn constant.
m absolute zeto, ¢ « E, .&hetg Eis _the Fermi energy Ievel whsch pr:mde: tne dermnar-
cation Jevel for ihc aceusied and unoccupied energy mtes'.' By definition, all energy

states below iy are vocupizd whi‘¢ ail those ahove E, are empty at. absolute zero. In the

Ligh temperature lirit where £- u.ki‘ the Fermi-Dirac d:smbuuou z-duces o,

Slaxwell or Bclurmm dxstnbuuon. |

M
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- For the dexcription of thermally stimulated processes, e.g. thermoluminescence and.

phasphorescence, ihe Boitz_inanh distribution is used in a different form to equation 43,

- What maust be considered fur the dise usion of thee process#s is the situation in which

heat is trausferred from a farge feservoir to the Hermoluminescent phosphor. In this

- situation it is .‘t-';ulred o knaa the prubabmty dzslr'butmn which dcs«.ub‘.s s the likelihood

4

that an electron possesses an entrgv £> 0 commensurate with the enr.rgy of a free cars

© tier, at the tempcmnre {Dyofi xmcust the addztmna! rcqmnmem :im m teansfer of

charge pamc!es can take place betwccn 1he phosphor and the heat rcscrvmr is made. :

then it can be shown {ct’ Kitteh that suc_:a a distr:bution is given b}.

AR =exp{ - EAT N @y

Thréughau: the discussions 'o!' thermally siitnulated ptdcesses in this dissmttion the

~ Boltzmann distriburion of cquahon 44 is cxp!:cltly used and tacxtI} assumcd in situ.

ations where the relative populatmn of st: wes, due t¢ a s?ste-n s therrmul energy, is con.

ssdered Typicai situations include the dascumom of the forms of the thmolumntsc- |

_ ence giow spectrum as a function of temgperature. For the phosphmescenie dms l’rom _

d:scme trappmr sates vmh time :he !Mmi result in :quutwn 4.5 can be wmten

-\Q\?\

_-_im'--'e:"”' L

where i is the phoxpno;cmcnce intensity at the time 1 poamrmmmon. & is the :mml
intensity at the instant irradiation ceases and 1 is the characteristic decay constrnt.
Ancther factor to be considered in the irterpretation of the th_ermo!unnncmce and

phesphorescence spevita. refers to the sima'tiqn in which a -tioshy’ spated disi:ibu:ibn

~of levels is present, In Chapter 6 the relative energy dlstnbuuon of states at ruom t:m- -

perature is deterrmned expcnmntnlly fach Jdistributions of smea havc b-en smdmd m_

Jetall by past researche s, Rmdﬂl and Wilkins {i%Sb). for eump}e hug, madzed the -

t ]
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. theommi implicatiors of expomm:a! nmi‘oﬂn and Gaumm d:smhutmm of :utes an |

the characteﬂstncs of thc:moiurmnescence add uot‘tcrmal dacay spec:ra In ite case o!‘

the thenmlmmmscence spectra such dastnbuuons result in @ brona. ccmpome gow

spectrum. The most relevant result in the case of the isothermal decay spectra on t!:e
other hand, refers to the theoretical form of such spectra. Méire secent anglysis {Medlm, '

19615) showsd that the theoretical dependence of luminescence decay fiom & distrib-

ution of “tates cun foilow an mverse time dcpendcnce Equation 46 desrnbes this de- o

pendence ;denucally

O N R
S KD, ¢ and b are as descnbad ir. squation 4.5. The phcnomoldgicai_ pamtm b
and » have been' shown ta describe the physical Jluminescence decay spectrum uniQuﬂy. E

4271 he Lumlnescence Efflciencv
Two types of mmumns occur betwezn electron mtes m xohds( m radmmre and'
n-radmwe mnsmons {Seitz, 1938) The sequenuai nccurrtz‘cc af these transxt:ons by
‘A cmrae wm: is mﬁy teemed 2 phanon assisted tmuntmn !n order that |
' thennalunnnemnee be obsermi ina crgstal itis neccsury that ndmwe mombmmom: :
of previously mppr.-é cnarge carriers, at iumrnemnce centres. ogcurs. In addztmn.

Iarge number of sofids exhxbnt the presence of centres with which cam&s <an only re- |

combine non-radmm:ly These centres are generally termed “kilier cenmm The largur'_ Y

' _' the’ canmmgrnn of these centres, the lower the themaiumemnce yu:ld in the D '_ -

"dmmcmds used in this mx'cst:gauon m:rogen. whwh is 3enmily aocepted to appear o

'smthctm diemend in d:spersed paranugneuc foxm. is unphcated a2 :udmtmnim or

ksl!cr rccombmt:nn centrc t‘or charge cnmers {\am e mf 3991 3 As can be uppmud_ S

from mxs study, the concentration of paranu;neuc n.'rogen has 3 marked eﬂ‘ect upon

Pl

.



R

as given in aqumon 4.7, for exumple

the sensitivity of thzthetmolnmmme response of the Fe-based synthetic dismond

Por non-ra.;mm processes mvo!vmg Cmﬂommg. conﬁmmt. zhe luamem:nce eff- :

| ﬁczency can be explicity expressed as (McKeever, 1985):

_ BT "_‘n.' lfc expf —-E.._,._;;t?)'_
Here ¢ is & cmqtaqt md E. is the uctw.:non '-nersy l‘or the pmmtu.r mn-udmme ’

process whzch oucurs, in the case of thennomrmnescem it has bun shmm {W‘mﬂc._ _
1975) that the shtpe of thc glow cuve can be altered by a ttmperature d@pm&ant |

'lurmnemnce tﬂ'mcy This effect can b- represented by

-im-umum. | L “an

' where )i the ;It:w curve mulung from | consunt lum:nemce «,ﬂimcy, snd P(T}. .
~isthe glow speczmm resuitzng from the :ompsmure dependmt Iumxmr ce efﬁmwy -

i
ﬂ\i'
¢ - A
I_'f"
a . ’ .
S W



CHA?TER 5

Themaluminescence Analysis of Dsserm Trapping Ststes -

in the Forbidden Band Gap

- 51 G!aw Curw Specmopy

“Much of the enphasis in thgsmml wc.rk in the thumolumescencc techmque has
- been placed upon tht‘ fonnu!mﬁ\ of moan’ls wbach give the form of the glow curve for

a phosphor comammg a smsle trap depth in m"m of empmcal tnppmg puratmxm
(Randatl and W:lk:ns. !945: Garhck and Glblon, 1948} Given rzlannmths of' this

pature, methods havc been devwad to extract thc tupm parameters of i m:emt. For
dommtr? wm estum:e of the mppmg pammetm. especmuy :he mppmg dt.pth amt .
_frequency ﬁ-ctnr. affotds '3 method f’cr the de:emummn of the man hfe of tlg; '
. themolumncscence pcak under cons:dmuon me thL trappmg parmmzm :he degree

| at‘ stah:!xty of thv peak can be comxdered Since the work of Randall and Wﬁkms'

'. '(1945:) which nruduced the form for the thcmotuxmmm glow curve due to & first

order kinetic procass, ainw t.urve analym has lent iteelf to puua! md complete ;low'

'cunre ﬁtung. from which estimates of the mppmx pammcters, ¥iz. £, the trnp dcpth. s,

the frequency factor md o, the nu"ai trapped chlxge conccn:rauon. cm be demﬂuned :

This model assumes that the !ununemnce efi;c:mcy ix xmfty and that the ;Iow curve u' -

[\

: 'due 10 & nnle wpecies of tr&p _ _

Garlick and (beson (1948) cnnudcrcd the case in whmh rc-mppmg is non-neshaxhle
.md derived un expression for the glow specr.rum for mond crdea' or bzmolccuhf e
chanics, when the luminescence el'!‘ m:ucy zs also assumed 0 be unity. The dzsmmusbmg

fea* . - of this work is that all empty mps and reccmbmatm centres were. considered

to compete equally for the free charac umers. The work of Randail and Wilkins {19452}

did not account for the Jikelihood that mps emptwd thermally couid m-mp fm carti-

Bl - “

i



. ers. The cﬁ‘cct o!' this i‘cuture on zhe shape of the glow cueve, is that the *ezmn on tho

- _. '!u;hzr tempemm s:dc of the thamolmnemce peak shows. propcmmﬂ!y more

 luminescence, i.¢. the peak broadens. The 2(fect of re-trupping is thetefore demon_nratcd'
o delay the thermoluminéscence (figure 3.1). Such beh: ‘ouris béﬁé_ved to be domnnnt '
in phosphors ih'wbicn':'he mean npmtion between trapi and reco.mbinlﬁon. centres is

| relatmly hrse ‘ﬂm condition is sa:asﬁed whm the concenirations of mps and recom- | '_
. bination cenms m re!amely smail {cf Avoum and Morgm, 1981, far enmp!e). 50 that
- the mean free path fot zhe recombmuon prooess is tehuwly hrge o _
\&my workers hmrc reponcd {cf McKeever. i983} that not alt mardcd glow curves

_:.onfonn to e:thcr ofthe monnmoiacular or bimoleculsr f'orms given by \duil md. .

. Wiikins and Garlick tndG:bson.respecmly Amwmm:mmmrm- 5
o mulstion of zxprumnns for general o:du kinetics ty May and Pmndse {!964) and Chen
etal (193&) to account for the facz that the cnptm cross-sections of the a!actrcn and
o ho%er,\gemrcs for the recombination of free chirge cameis need not be identical
quma:azis 57 and S, 2 iven by May and Pmndse Slve the mtelra! fmm and the inte- '
' gmed out-fonn of the genenl order expmnon. mpecme!y |

.. H o -;U}._.‘_(;t .:,'m;xp(-&?kﬁ "'(5-11

- In expressmn 5. ! N n{?) is the zrapmd chn-ge concsmrmou mmmmg at tempemm :
'. _ T, b is the order parameu.r which can take on vdues ranging betwem l 0t 20 and N -

iy tbc total comenmuon r.:imge mppmg mm, wd & iz the Bolummn conmnt :

- [H(nur‘m}f dt expl( - th)]. 3

v Vi

_ In .qumm 5 2 e {s A’}n.*'- t md § is the heamg zate a¢ which the tammtm o!‘ the
, umple is nmped fmm the :mmi tempmwr- T. to the ﬁml tcmpemun 7

I 3
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In xddiziun the :hape of the alow curve can be aﬂ‘ected by other physical prm

- such a8 zhcrmui md impurity quen«.hmg. and tunr:elluu phenamena whu:h could mani-
:' fest themm ves ina mm:ber of ways (iohmoa and Williama, 1952. 'W‘mﬂe 197%; Fillard
erel, 19‘?8‘ Sunu md Bnpﬂ. 1982} in the approximation T~ T.. nil the expremom far o |

| the sluw cutve spmmm, regurdiess of the iumm: ‘order, are amenable to pumat curve

mnlyszs. n wluch the initiad nu pomon of thc ;low cuwe is :ccumexy r:pq:sezmd by =

e-cpreman of the t‘erm

fron: which an esumtte of the mppms depv.h E is mdﬁy ;mved a4 from a plot af X

fnﬁl'ﬂl v th On the other hmd. the malysss cr the whole slnw zurve mqmm the

o
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_coinpﬁtationaltj mdre.'tedioui appioach of curve fitting procedures. The .‘-d‘.'.‘-”“" of

s

: whole cusve analysis concerny ihe physicai "mterpnmion of the glow curve.-'sy--uu of

. error unnmw:m procedures it is pesublc to nbgectm!y detemur.e the kmwcs of the

:hermolummmce process by ﬁndms the best minimisation of the first, second and
sme_ra! order expressions, In this process other sar parameters (£ and s) n_n also be

determined which render the glow curve more amenable 1o ph}_rsic:_l'in_tcrpr_cza:ipn. A

possible 5honcoriﬁng of &mmolunﬁmmnce' analysis when i;;iiised in isolation, as. no’t'ed -

E bya number of researchers (cf \!clcaever. 1985}. is that only three 3Iow pamneter: £.0

i 'be detemuned &t most. If thc rate aqumom for the emptymg and ﬁihn; of dcfect cemm g

Are com:dmd. o done by Adnrowuch ( 1953} fw example, then it becomes apparent that

. caeﬂ'imut for rtectmns in tan conduction bm& beco.mng mpped at e!ertron mppmg .

_ the dependcncc oi‘tne fam: of:lv: glnw curve on the t!u'ec ‘passmeters (E 5 and &) s.an" '
' be derived via. unsphfymg assumpuon: fmm me equmons mvolvmg the tntai mp

'concenmnon. th—e concentrauan oi‘ heles in the mcombmuan ee.mres. the trmnaon S

centres, ‘and the mambmalmn transmcm coefﬁc:em far cieczmm m thc cmdumon

- vand w:th hules in lummemnce cenires.

Other usefui mr.hod: for g.lmv c\mre parameter estmnnon mvolw: uuhsmg two or

thize pomt: on ﬁm glow curve w!uch characterise the shape nt‘ the cune As can be lp- T
precmed from the vamtmn in the shape; of zhc first ami mond order glow curves {cf"
figure S.1), the orﬂer of‘ zhc kim.tzr.- process can appmbl) u!ter :he mnpe of‘ thc glow_

spcctmm As 3 resuat. analytica! methods huc bcen demed wluch 31&: parame!er esn-

. matcs, based upon the shape of sm:twlnv. spectra The :en*.pemum of the. penk maxis
mun’;, as v.c!l as the {ow. and hngh-tempeutm hatf he;gh:s. are the pomts on the 3!ow o

spcctrum most ofteu used Sw.h mcthods allow a8 msoﬂblv rchablc emmate of the |

glow pnramctcss :o b a: riveg at. bv zechmqve which also takes mta account the

kinetic order” of thc pmcess and the heatmg rate used to obtain the glow spectn in thu' : p

manner glow curve parameter esnm;tes cm be umved at which a.re cumparablc L1 the .

(

| mthuds of complete curve i ttmg. Twe penk shape me:hods gmm in the htem**re | ) :

1
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which prove useful are given by Chen (19692) and Horowitz ef 4/, (1986). Chen's tech-
__nique is based upon the numericsl imi.ution'af r.he'mixe&order cipmtiion. dmm ’hy

- 10 derive unique and reiuble estunates fot the u{ippmg parumeters of the glow spectrum
5 abmned from the P‘c«-!m s)mbeuc dumond sample. '

'-"5.2 anltsmdﬁiscmm o
The;tow:mufthe F&ﬁum&h&;&amondmsmlyndhyzamb«of |
_ mhmquu in order t’b mn rehab!e estnnates fm' the glow spectrum. puamteu. i'hi:
| 'glow specmmwanmvedn by mnpmg thcdumond ump!es e 16‘(: <1 from room
: ':empeum to 4%0°C. Smgie Pe—ﬁ« dismond crystals showed z low seasitivity 1o '
" jonising radiations. The glow fitrve malyu_d in this expenmmt was ohmned from a
collection of such crystals mhgected to an initial radiation treamz with the *Sr
B;.:Eum lemzm! rive port{o:i softhe glow curve'w'n regressed to'equati'on' 53 T‘he o
fesult o!‘ thzs nesmsion gave an eatunltc of 1.38 ¢V fur the nctmuon energy. The besz':

regrcsswa in terms of the cumhuon r.oefﬁmem tnoh into account & bukgmuad sub-

: uacuon. which was spph:d tn mve the best m

| The pc.a.‘: shape method ot‘ Horow:tz et al. (wm was umd a s conmmcy check - .
30 xim the Vlluf of:heenergy depd;dcnwd from the initial rise anllym could be con- B
g ﬁrmed This method, which ha_: been apphetr for dosmmry nang L:F in pamculu. '
- compnses the nppronmmﬁn ¢fan u;olute;d ;lw ggak. P, by the following: expressions:

o F 'f’u*.“‘"[“’% #- "”"’(‘9““ it )] N

R

~ him ‘o0 deacribe the glow cum in tems of the semt-empmca. shape panmaters daﬁnod B

_techmqucs, as well as the techmque of co:ﬂ;kte cum-. ﬁtung. were used in this mmh o

o

| by Halpenn and Bmacr {l%ﬂ) The tcchn:qae proposed by Horowmz a'ad co-workm S
alw makes use of a semi- empmcll re!auomh:p based on wizse shtpe factors for _r.he de-

S

| scnpuon of the glow mctmm of q.owrma! LiF TLDs, in particsiac. Both thesww
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Tl"t‘ ﬁm expms:on sS4z dcsmbes th" glmv curve in terms of the pelk height, I..,
temperature at which tha peak m&xsmum occurs. T :nd the activation cner;y E !‘ar
the s!ow peab aTis eq‘.ﬂ to Ta 7.. where T s the snmp!e lempemure and k is the
) Bohzmann constant, fhe equwalcm cxpressmn 5.4b gives the exnhcnt depndeme of P

on the mdth parame:er ¥ and the mdepcndent vamb!e. x, which is repﬂ.'smuuvc of zhe '

sample tcmpeuture in this eted The vemperature at wtuch the peak mmnum occurs -

is gm-.-n by x. The :comemwi factors v:z. s and ﬁ atx: mlatca to the mdth p.nummr n

w h} the follomng mlauanshlps.

FORT RA\ blsed mﬁwm: was wnttm 10 fmd the mppmg Jepth as dmnbed mn

C Chapter 3 (8. . Shown in ﬁ;ure 5.2 uthe result of the mummmmn procedm. which .
: yze}ded a0 ac:mtwn mergy of 1.68 ev As can ht seen from the fit snown in this ﬁgm '. N

a ngmﬁcan: demuon of the fitted v&m (the sol.d hne} from the txpmmauily deter-
'mmcd dtn {diaronds), is & chnraetmmc fuzur::. “This {eaturs :s due to the pomﬁm

crder !'orm of the expemmtaill msarad glow curve. T%us fact becomes uumedme!y . e

_ npptrent on the onmpmsen v ebinrve with the shape ofthe mond ordct glou curve _
shown in ﬁzuu 5.1. The shape of‘the gjow curve desmbed b} equntsons b 4 and S..:. an

the other hand cunforms raore ta dxe ﬁm nrder form for & hy pozhcmnl g!ow cuwe As | '_ o

can bc seen from the duzram. thzs factor alone resuked in a jess than demble fitto the
expcnmcntal data. It can also b-e p soncluded on the bam of *hxs fit t!m the energy dep:hs: -
derived by the method of Horowitz ef ol. are prone to give erroneous results if the shape"
“of the glow curve deviates appreciably from the ;htpe sf first c.rder g!ow cunes s | _

" In an effort ta improve on the estimate ol‘ the actzvatmn encm., as denvnd by the |

' mcthud of Horownz and co-workcm pmmi curve anal)'su as dcve!oped uy

.‘ﬂ .
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" Chen (!969:,&) for genm! ower hnencs. was applied. A 3enera! fom;:'a for the tup

depth (a‘;} was derived by Chcn m terms of the. ahnpe puume'm Equman 5 & gn'es 2

Jess gmml farm m:zen in terms of the shape paramc:er 5

E‘*C‘(m) o 'is?‘l

LS

. with 64097673 (n, ~0.42)

Furthcmnre. values {or the shape parameter, u,n-.-,--. deﬁaod !* ¢ Haiperm md Brmer

{!9&0} wﬁrnmmauv .mi&ed by Chenas 2 f'uncnon of the order pummer, b ‘When -

the order parameter is determmcd u‘ can be d-terrmned from Chen & pubkxhed values

of u, as e ﬁmcuon of b, In order to amvc at an estunm: of ihe cnersv depth fmm -

cquatzen 3.6 1t was thmfore ﬁe.:efury to ﬁmt & reliable u!uc for the order parameter.

'_"l‘hm was achieved in the foﬂomg munncr F’or this part of the amd)- the menl order

- eXpression, wntten in termas of the tempemtme as thl.‘ mdependen: \'amb!e ms ippbed N

in the method um:lar to that used by H:dpcrm et-al. {1969) o <

m.mexp( LU - 57

ay

inspectmn of this relaunnsth reveals ttu: a plat o!‘ ln H?‘)fn'l Vs e gm 4 straight
{ .
: hnc with a stope (- Eﬁc} and an intercept of In{r;p} whcn the correct vn!ue ofbis used.

__Sa&ware was written which regressed the expetimental data on an equally spaced, tineas

grid of b-values. The best fit was dmée& upon by a least squares ﬁtiiﬁg pmcédmi and -

h extracting also a maxmn.m correlation coefficient, tpphed for each b-u!ue Fig\m 53 |

: _ *th he result of the fittmg pmcdum spplied for values nfﬁv bet'ween 1.8 snd 2 0, ie. .

for first order kinetics (5w 1), general arder hinetics {{ < & < 2) and second order kinetics '

(5= 2}, On the lefk vertical axis the correlation coefficient x 100% is given (), while the

85Q (2} is shown on the right verticat axis, witii the atder parﬁmem {b) ;inffn e

independent ordinate. Ths minimum S5Q, which ca_i: be _:éad off figure 5.3, occurs st s |

42
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:'value fcu' bof appro:uma:eiy H 40 The maximum cmmhuon wluch can he detmmﬁ'

from thc fmm‘onmat}w hard, occuuatavalue forbofl.ts Fonhisnu.ty both '

- of these b-values denived were used ta obtain values gf ¥y from whick the acu'nnpn_
energy. £, could be derived. Table 5.1 shows zhe values derived by this cthod. The

values of £ listed in Table 5.1 were derived from equation 5.6 with T« 390 K und
§=21.43 K. These gcbme'riéai-fabtors were derivee . un the experimentally wmeasured
glow curve ix ﬁgure 5 by Lm:cmm of thys method centre upon the fact ekt the uumatc .

of =hc energy paumcu:r depends solely on a few expemncma! points on the qlew curvc-

in this cuse 'miy tao data points weee reqmrcd. ‘ﬂus can lead 1o apprecubh ertors in the

Cestic ut.on of the ¢ urgy depth, upccul!\ in cases where Glaer processes which affect the

shape of the glon cynre s themal and mpunw quenc'hmz (Sunta and Bapat, !98... B
\!ckeever. 19835). mty be prevalcn: A quotcd error in !he estimation (Shenku md .

o Chcn. !972 Kivits md Hagebeuk, 1977) p!mes the lr.t:u!'acy of this method at approxi-

mzeb 5 %. An error of this order of mngmtudc gxm an estimate ofthc mp depth of

&7 |
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F:ns..,,amthodwhwhmdeusaofwmpkuglowwﬂeﬁmnzmupphdinm- o

der to artive at estimates of the mppm; parameters. 1 this nmlym. the general onder |

' expnmon of May and Pmndge. cquation S. 2 was used for the ramsicn of the ex-

pcnmuﬂymummddau For this pwpoaethe MINUITS pactue m:und.ud&-.
- _'_scn‘bedeSZot'{'h:p:erJ Dep:.tedmﬁlms.dutbcmsummﬁt This minimisation
: pmndunpmhéedaumtuas!‘ Yows: Euis?ZeV 3 -iﬁ‘*md#-!}? The error

| 'equmates derived frcm the \H\IL!TS !mmnusanon for E, bamis ae gwn by

20.10-¢ &V, 22~ 10 and 1.0, respectively. The:eemm clearly are negigibly small
’!tcmnlsobem&ummﬁtmﬁzmhl :hattheexpmmmdauuducnhed ]

N menenny b:. the theoreucaily determined fit, represented by the solid line. The value for
o _ahcmgydepthzndmeommmdmvedbyﬂm method ma!.o in e:«aelleml
B agreement with the values derived earlier by the partisl curve analym of Chen.
' it has already Leen showm why the method of Horowitz and cu-workm does not

_ provide relisble estumates far the mmnon em'm {}.‘) from the glew curve of xhe Fe-
: _-!‘m sytthetic dmmond The csumau for £ derived by the mr.-thad of the initial rise also

demtes appmub!y irom the v:luu det:rumed by pama' and completc cum mu!ym.
" The theoretical form and ngml‘mn of the Wmmu eﬁimncy has bren descnbed
prmomly It has bucn showr by w:mle {1975) that when thc luminescstce elﬁmcy

h umpmtandrpendem.zhemnmlmepomwutz&eg&wmmh&m&dw -

s ﬂn?mtﬂtk‘:'nﬁ) ;.g_gf .' - E,:kn o

~ In the limit where t.'r \.chg - By kﬂ-i the gxpmuon for the lumnesctnce emcuenc):' |

{equation 4.7) _red\.'.gtﬂg to

| | ﬁam-.c exp{ﬁ.,zlc}) D e
| _'__io th&:_ .xre-i'!ﬁtia_l_risg pbm‘on_ of xhe glovf cum can he uﬁ;ﬁh as: |

D~ contot wexgL - (& - BT

e
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Thuri’mmﬂmmapphuuonofﬂnmm!mmhmqm.mammumwmme
' iunummm afﬁcmwy u temperature dapmdmt, wiil p'ovidc a emnme af (E- E-).' '-
rather then F Th:s eﬁ‘m has, been cxtmsmh duit with by W‘mﬁc in the an:lym of

activation energies of lunar mltem! to ascyss the cﬂ‘ects of thesc estimates on the

archeologic dating of such materials. The values of (E - £,) derived from the initinl rise
portions of the glow cuwé were feund to give anomalousty r:aw__y_am for the ﬁfgﬁmé;:

of such giowpnt,s __ e

o This effect could prov:d: a possible cxp!muon for the diiTcrencc m actmuon en-
o +~gies derived from the hermoluminescence glow :pecu'um of the Fe-free synthetic dia- )

. mond hy lhe vasthod of the initial rise’ {1.38 eV} and th methods ofromplete a-ad partial |

' curve in ing f! 90 aV). This cbﬁ'eme yxelds a value of lpproxxmzcly 0.52 a\h‘or E..

_' In thu mterprmuon of the cxpenmmd 'esuks & !uunmmce qtmchmg mhum -

msh an activation cnergy of 0.52 ¢V could explain the perimentally meastyed reswtts. .

could provc unﬂ.li.

- 53 Canclmm .. |
It has heea demonstmed tha.t cemple!e glow curve ﬁttmx can pmvzde punmeter

'estmum wh:ct are phvsically mumn;ﬁ:l and accurate ta a verv high degm.- Itisaiso

evident from the analysi. pmcnted in this chapter that the fitting of glow spectra
vnthouz due care Seing :xemud 1o aecoum for phenntmm such &s. thermut and § zmpu-

ity qumchms can iead 1o moneons asmmtu of the trappmg puramezm This can also

iead to an erroncous mtcrpmmwn of the phyw:al processys occurring in the :wen'

pho:phor under consideration. bvenan matyszs nf single, uolatcd ;lmﬂ peaks can, due

w© oct.urmtcc of such processes, pmem a non-trivial ust Homver. it can be con-

~ In onder to clanify the actual nature of the quenching process postulated for the Fefee
- -Bilmdhd cr'ysin!s. further studies beyand the séope of this dimnatioi.. are nesded.
.?boto-ﬁal! .nobd:ty masurmmts it liquid nitrogen md hquid hehum tempemms -

ciuded on thc basas of th: curve ﬁtmg mthods xpplaed {{ hen. I*%’n.b ’\day and e

n'
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| -"Puuuip. l964)thattheﬂwmofﬁw&-frmm&hmd:mdhdmmdi’-_ .

mchupmppnzsutmm&wforhddmppofﬂmdimd. wuhmuuum

 energy of 1 90 eV. In addition, a non«udmwe process which has m tcnvmm energy
. of052eVia postuhted to explain the qumhms oﬂmmscmce obmad. L

In the contéxt. of this dumuon. a method which has been demonsmwd to bq' |

~ ___.:thabh in ;amvzdmg estimates of ;cuuuon cnergxez for ievcls in the t‘orh:dden fap ot‘_

syssthetic dmnond has bem developed v:z the complete curve ﬁnm; to the genersl or- |

| 'derexpremn!‘onheglow spectmm‘ﬂus methodu medmacomplwmuryrohmh.'
' mzﬁainntaﬂymatm;commafthethh: mmw!nchun oceur in
- the tesolunon af the broad, composite. thmolumescmoa spectrum exh:‘bmd by the
low nitrogen concentration TLD diamoad and o emmm themm activation enmm
_ within the ctymll. ; '



CHA.PTER i

Energy Levels in ¢he Forbidden Band Gap of the Synthetic 'rm

- Dz_ammd

"’7'6.1rmmduction R

'I’h:s chap:er pments the expmmnui mmremt of zhc relative densm of ener;y

- smes in me Forb:dden sm of a.he synthetic dumnc vrystals conuuung pnumnsnem g

| nitrogen concen:r;twns typ;clll} fower than 20 ppm. These crystals were :pmn!iy

rmthenm‘ ior a sensmw thmue!ummascence dosnnet:y response and have & luzh -

| iummesccnce efiiciency u compared 1o s}mhmc dm'roml crystals of hxghcr"

paramagneuc zmrueu concentrations. The thmnoiumnemrce glow curve, of which

the most Gistinctive fmure i% the broxd, composite peak structure 10 the temperature o
range wtuch vmu from wnm temperature to 4%FC, has been reported premusiy.
~ Bands of enemr states have been pnstulawd 3 be nspons:blc for such
_ s:ennnmma 'pcence glow spccm Examples of photphort dlsphymg ﬂow tpectm

' ﬁhlractmuéf'by barids of thermoluminescence states have been reported by Bull md
o f.urhci; 11950). where :hc thermoluminescence glow of natural dismord samp!cs ms:’
. _ducu:..cd and Avoum md \dotgm (1981} tor the case of Zn;StO..‘An. Such phqsphors "

_-comanung qum-commna of stutes in the forbrdéen tamd p haw.- dcmmmbl; hr;e |

full widths at haif the glow maxims (FWH\{) and exh:bat characteristic duplacmt

-of the g!ow peax mnmnum with pre-heating m.les of § mcmsmg maximur. tcmpemm

These chnractemnca cannot he reconciled wath the behaviour of isolated glow cunm

result.nz f*om the presence ni‘f st order second order or mmi nrdcr kmwc processcs,

exclusively. The aul!ya:s of this ch;p&er shows that thz: behaviour i is also typical of the o

TLD diansond crvstals. Hamn; demonszmed that the glow specirum of these cz:«mlt

1S more adequately desmbed by a distnbution a!‘ churge trapping states, qunmlmwe

,._..._--"-

estimates ot’the empmca‘ glow parametm are preumcd b} nmimcal methcds discussed B |

43
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in Chaptm 3 and 5 !dso gm:n is the relative denm} of thermoiummesmce mm es- _ :

txm:ed by the fncuonnl glow w:hmque (Gobw'ht and Hofmann, !966}

wh
) s

6.2 Rasults and n&mm 4
é.2.1 mmmmmm

tmmli;, the hehlvmu. of the z!\ennolununcscence glow CUrve % .8 studu:d whm

mcresuve pre-heaung cycles af increasing mx:mum readout tcmperatures were used. '.

' .'l'hc touowmg expmn rental. procedm was employe.i fu an :cqmsmon

” .* __ | The TLD diimand was subiec!ed wa3lyt - ‘ck doié using & ™St source. This

dose vm chosen to mure that the muium thermolumcscenee response obtained |

is su!'!uwnz for low satistical error.

- A pre-clemmg cyclc was than ummzed in wtuch the :emperawrc af the dumund_ o
o nmple was mnped at !G\C it 8 pre«d:zc A maxtmum tempeuture This

: step is varied to obtain ca_u_h of the curves shc- ugure 6.1.

R A slaw curve mdout p*o::edurc. in which thc tempersture oi‘the TLD dmmnd was

ramed &t 16 r‘* from 50°C 1o m was then ummed o

. _Fsﬁans-. the blackbody signal from the diamond 'und the heating cleshent were
measured. This was achicved _by_ipiti_a_tin; » second readout cycle identival to the

© previous, in which the sample placement was imaintained identicaly. Subtm.-tion' of .

such spectrum frnm the totsi mpome allow:d correction for bct.k;round :un;l

conmbuum -
Y

For each ot‘ the cleama: cveles se.ectcd the sampie Lyas *onded once un!} ensuring i”n'

_:denuca! sampls positioning on tbc huung clement: This procedure was considered

NECOSSALY 43 md;vu_iua! diamond T!.I)s subiceted to xd:n_tsce‘g nd_:_mon trestment but

N
Bt

50



L .. _ ._ __ ggggvingzing;?%ﬁr:id

1 oo, ose 00 osz2 o002 - 00k 05

_ gqmngﬁﬁiiuﬂn&g;ﬂv

(o jramnseduing

g

_ Ansunur aenoiy




o __ _ : } __ aﬁgnwﬁﬁ.!gaﬁ#gﬁg&auﬁ&.;_g |
\ | D va_.ivﬁ%a& %E&xxagﬁaﬁwaﬁﬁg&éﬁkﬁu




tF

7 | | . | ]
- placed st dxn‘mt ponuam on the heatmz element have been foyud to give me to sig- |
| nificant mndurd deviations in thmnoium:nemu mdmn%h(én in figure 6.1 are the
 thermoluminescence glow spectra which were obumed without and with pm-cleanmx-
cycles and wzth maximum mduut tcmpmture: st at 130°C 260'L and 320‘C Th;s

movement of the glow. mnmum can be explained by either oi‘m xmznnons The first

rcfers to thecase in ’Afhxch :hcmmlutmncsccnce muiu froma populmnn of states wh;ch- "

follows 8 non-first order kinetic precess For a hypmh...t.cal phosphor in wh:ch second

order rccombmttzon kinerics mkes placi.- it has been demonstrared (Levy, 1979) that the

. position of :he glow maxine.. is depch\‘\ignt upon the fra.cuaml papu!uuon ef the charn'_ :
trappmg states. The second ntuuuon, wh:ch in the case of the TLD dmmond is mote
* likely, occurs when the glow spec:nun i due to the superpe.-mmn ofa nmbn of churge
| mppmg states hmng activation mng:es closely spaced in mngmmde me the glow |
B cxmrc of a TLBdumondWhhumtbmmbmmdtn apre-hemngcycle.u a.n be
mi‘emd z!m the FWH’W of thu glow spectrum’ it t00 lar;e to cn-remnd to the situ-

ation in wiuch x popummn of d:sm'tc charge trapping mtes of xmgle-valucd lcmmon ' -

wtmf xnhc zource of the zhtmwluamscence specuum. A pombduy whach cannot ;
be excluded is the hkehhood of a closely spaced distribution of charge trapping states |
which cculd follow nﬂnof‘mt order momhmaum kmetm _ |
« A forther indication that * more sophuucmeé apps‘nach in the mbrm of the
'thermoiununescmu spectmm *’an was tpphed in Chapmr 5 is nemury it ;zvm m:

figure 0.2, Depmed here is the ntempted fit of the alow curve of the dumond TLD LI

he general order expression of May and Partnd;n (!964) The ezpenmenmlkv msured
 glow cm%ms dcnml nmdarly to the spccm derived in ﬂxure 6.1 with the excepuon o
.of the maximum zempcmnre of the pre-cle%mng cycle, which was selected at ZSO‘C Th!:

procedure resukad in the empmn; of the shnnm charze trappmg states as depu:ted. L |

) ‘I‘he glow curve pararmeters derived from the re;temm of the expenmuny determined

slow spectrum yielded: Lw 205 €V, 5 108 and § .« 2.0 for the the trap depth, amended

) frequercy fsctof_md kinetic order, respectively. T_!iese values describe x glow curve withy |
& Masimum in the po~-itioa shown and having charge trapping states with di'scme-ulu«_! _
| £ S '



- 'acuvauon cnergy A.; can bc appremted fram a superfm! mspe::hon of this ﬁ: the ex- S

'pcmnenuliy dctcmuned glow spectrum u not adeqmte.y described by the t’teomncal fir _
This ﬂ_l.l'_thet _supporu the pm:uhte that portions of the glow spectrum of ti_n.’fu) ds_:-_ B
mond are not amenabie 10 isolated glow thermoluminescence specm:copy The exper-
imentally derived glow curve of figure 6.2 describes approximately 10% of the total
' tlwrmolumrm::e glow This prehmnazy amlvs;s demunsu'a‘gs conclnmeiy that 2
| dzsmbuunn of c!osely spaced uvcﬂappmg states c.ouks dcsmbe tms specmnn more ad-

equutel}

s.z.:mmmn&mmusum B _ -
" The discussion of the previous mon underscore: the need fcr a nruiym which
| _' : '_gnres » more detailed picture, aud hence & better mdmundmz ofthe enesgy muczum'

E of status mpnmabie !‘ar the computite thmlummme slnw apectmm af the syn- |
 thetic TLD daamd. A sway of tha htemt * has sho\m tlm a mclisble methnd for
 the measurement of‘ the dzsmbuuon ot‘mtes Ba- b . given by Gobmht and Hofann

- {1966). ‘!‘he mhuvc dutnbutmn of mm &nted m this nudy was determined by a |

: techmque mﬂcgous to the methad appmd by these remrchers. The expenmenul'.

method proposed by Gobrecht and Hofmmn eantres on the use o{ men! oscillations N

of glow cum readaut cycles. In m:h subnquen: oscdlatmn he pho:pher zs rampad 1o

an zncreasm;!y hubﬂ tmpeutm and mbuqumtiy cooled ara npad rate zo the :mul!._ o

- room temperature. The giow curve for cach of these cycb.-s is then recorded for the -
' anulys:s of the uzp depths by the initiat tise tac‘mu;ue _ ; o
m u'us study initin} - rise m!ym of the fucuami ;low spex.m. msurcd in the. B
- manner 10 be described belaw. wa- als lpphed 1o obiain estinates o tha ucuvmon
cne‘;:c: of the msznhunon of charge trapping states, in ordes to denve mmm whmh
 eould be compared to these values he ckan ascending postions of‘ the glow curve were
analysed by the method first advocated by Nicholas and Woods (1964). ‘This method )

| | _propom the use of the claan nccndmg pomon o!'the thmno!mmuce ;low curve.

inx usmmon to the theoretical form of a hypothetmi sm;le uohted glow spectrum. .
. . “



" In this :fudy thc generai order cipr?siidn {equation 5'-2} used in the hmi}sii éfthz ?e—
free symhet:c damond was uul.;ed for this purpose. The expenmental pmeeduxe_

adop:cd for t!me Measurenients was as fo!lows

* The diamond TLD was irradiated tc a 8 pa:tic_le dose of 3 Gy.

-

‘s The firn. ramping ¢ycle was initiated 10 minutes post-:mdlmm n this cycle the

H'\

dlamond TL{} was ramped at !6"(: g frum room temperature to Ts.or. v.her -

' 'I,m.. unges in value in steps of 32"(’ be'«ond raom trmpcmute

=,

. '!:ach of these ﬂon spem wis stared for subsequem anaiym lw fractm'mt slow

ar.alym.

- In a single et of mmurements the sample was Idaded.ancc- so that the sample. position

was 1denur.al for cach s"ccesmc mdnut cycle. - ~The experimental dnﬁicult;es of t‘us

' techmque are pnmrd} those nhuch are usua‘ly encountmd \mh the. themalum

escrnce technique. Thcsc mclude ttze ensuring of accurate temperature cmzrol and

trarsfer of heat from the he-ting element to the phosphor, as well as problems auoq-» -

atted with the themui quenchms of lummm:cnce whmh cau!d be dominant in cérats,

_heating regimes of some phosphors, as. discussed in Chagter s, lei is this Intter mentioned

difficulty which prompted the use of zhe lt‘ill\ »iy puuntad by "incholus md Woods

f i%-n in ﬂm pant of this szudy as an addmonal step 10 mmal me anatysls. in order th.n o

. 2 more complete interpretation of the expenmcmat rcsulu may be provzded

Listed in Tablc 6.1 are valucs of the ncuwatmr: ».nc*gues. E, 2ad £, amm{ ‘oy tha- .
jcne_ra! urde: m_ethad and the met&od of the initial rise mpecuvcly. the initial trapped

charge concentration, , the order parameter, b, and the amended frequency factor in _

~ the canmiienz torm given by icg;.#‘ derived from the previousiy discussed expression

(qquat:on 5.2). From thzs '&hle it xan be seen that the amlym of the initial rise portion
o!' the same data set gave values {or the activation energy which are in reasonablec

agremnt with ;he ana!_vs_xs Based on the general ardet expression for the glow curve for = '

i



the clcamng cycles having lower maximum mdont tenma:rm ﬂm such e *mple,
dapictmi |.r f igure 6.1 gucs the gnph:cai repri.. *mon of dwt set 3 with Ui Jespective
_ ﬁtted curves “hen (l) the gcm-ral order expression was used and {b) the method of ihe

initial rise was applied. This example is tme in which both methods ccnc:u‘ in the datie

B

dcycle # | E..{_eV) I m : _&_-, logus" .£.{c_V)_
| . | 082 1086 174 613 0.52
: | 055 e e e 1 ose .
13 c-': 5854 | 108 s | oss
le o 28 | 108 ol e
5 on 'r:ézx_ ol _'.f:'..?a' Clem -
_'f,_ 082 B “*!én,x' | 140 -t -'?.id | 0.7
7 o za.m 116 7.5:1; oM
8 050 20 |4 748 090
:;T 0% s h 4__‘1.48 _. _ﬂ'_.sa; osa
{10 L7 e 61 | ewe " 098
S N .
1l :.:u;" _1#31' | 200 to4 1S
I s 1353 20 | s s
B 208 - 124wy fasm
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. mation of the actzvat:an mcrgy .‘m mmple. dep;cwdm ﬁgure 6.4, where | ducmpancy'

| 'betwm the values derived by the two methods is conspicrious, i also ;m-n s pos-’- |
tulated that, in an miugous zmnner o the glow curve of Chlpter R u thermat
| c;uenchmg ms:..hmm plays a tole in the quamhmg of luminescence which is observed

- in the glow spectrum of :he Fe-based ctystals. The results suggest that the activation o

o energy for the qucnc!ung pmcess occumng in these dmmona is appronmteis 2 56 eV. |

!t can be concluded that, gmn th: prcsmcc of 2 thermal quenc}nng mechamsm. the o

| acmatmn energm dcnved by t'm raethod of the initial rise are mﬁuenced {cf Chapm - '_:

5) hy the presem.e of non-radutwe p'occsm, wherzas tmmates demed ’bv resressmn L

" amlvs:s i the gmerui c-rder exprcmon, as gwen by equatmu 5 2 more adcquatcly de—'
' scribes the mppms atates involved in the radiative pomon of the process respunsxb!e for |
_ _tl'-e resultant composite mermolmmnewmcé glow ;pmrum As the mdxophotoiuﬁunesc- _

_ence me:hoa is unaffected by themnd qumchm: effecu tcf \ficKeever, 1985}, the geneu}_ o

_ order expmmn mher than tha mxtal me :ochmque is aml:sed far the dcmmmmm B

a{' the relnme denmy af smes {Table 6.1} for h:cr compansun (Chnpter a) with thc -
optmi activation energies of these charge irapping. states, T

“ Figure 6.5 (a) gives the gnphmi representman of the .:eimve dens:w of states using

- the estmmes gwen in Tablc 6.1. Depicted on the le& vertical axis is the famac of vaiues :

(i a:bmry nmts_}. w_hs_ch is propq__maml to ;hc area under the gl_ow curve, can ..._.n.t.ft
onasa function of the actiwmnn cncrgics {in ¢V} dentved. The m-or inanis givm by the -
vemeal srror bars in the ﬁsure These valucs for the glow (nn} whsch presmbe the
- measurement of the relatwc demay Qfsmcs N(Ey) sw ate not expecied be verv accu-
rate for mmuon energie: v | 'Jum 0'?0 eV, as these states m ahmﬂv unstable at

) wT E .
oot tempemure The expenmenm procedum desmbe& carlzer dehbemte!y aliowed for

the :sothemml det.a} of the shauow, unmble sates i the deiu& of the !‘ractmm! clean. -

ing cycles by a pemd of w roinutev post-mdmtxon. 'i_‘:_:e omission _ot the unstable st_u_tes

was q!cemcd necessary in this study as ti::: Inpse in time betwern .{ftw acq{ﬁsitio:n of sub- - |
sequent {ractional glow cycles can result m the Joss of signg!f&y pho:phurcsccncc decay.
, . "‘*‘*i\__ . _
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increases with activatisg energy o h» seen. Acc wd interprete-" s {cf Cha;nez-\s) -

e {k.

vated recamb:muoa and mppmg ‘centres. In phosphnrs whem the relative deasm qf s

-

correlation coefficient of 98% for the mono-expcmenua! descnpmn of thc expcrm:enu!
data. The f‘a!lowmg expmmm ;wes the mulg of t.‘us ﬁmng proccduw '

- r&s,,}— 3._923 10’ ."’-"‘%- |

%

ponential dzs'nbutmn (ﬁgure 6.5 (6) refers to the variation of the order parameter thh

trappmg and tecombmmun centres s small, the mean i‘rer,- path for the ,rudmuvc e

o sively lnrger with i mcmsmg udnmmn enewgy for this distribution | |
The {mal chamtensnc of the thermalumemnce speczmm or zhe TLD dmmoud
| reporze& in this. ciupter refers m the unnnou ol‘ mmtmn energy with !.he mnmnm _

| .thus u[;raducmg uuocurac&g; into the mthod. ‘i‘he expouentul descnpuon bfthe den- |
sity of suzes gv.m in figurs €.3 {b) was derived by regression am!ym which ywlded a'

Such mstnhutmm of sutes imre been posmhm:d hy Randall nnd Wﬂkms (19&520) and _' "
" _ studaed theoretically by anwcht md}{afmmn (i966) to descnbe the tbcrmolummm— o
~ ence ;!ew spectm cbserved from certain, phnsphors An mterestma prope‘ty of‘ this ex~ _

2
\5-—!.‘7/ .

‘activation enetgy, which udep:ct.ed in figure 6.6.4 trend i wiuch the arder plrmﬂ T

' ﬁ-ummte Crdet pan (] gm:er than umty with mhtﬁe cumemrauans nf acti-

.comblnauom of charge carriers is larscr. ﬂms rcsulrmz in spectre with bro{,ﬁer non-ﬁrst -

" order 3low spectra. In the cxnmple of the TLD dmn\q\nd this trend is rﬂﬂected hy the fact
o that rccombmmon and mpmra ccntrum deucnvm\gd wnh each s_*!::eqmt fractmmi -
| _. '_ g!aw cycle The result is thut the mu fm pa:h for mambmmon hecomes progres-

iemparetures of the fm:nonal glow cgcles used in this m;lysm F:zthre &, 7 shows an ine “

crease in the activation mergy with an mcmse in, the mmum ﬂ‘acnantl giow tcm-

-:mmc. This result is also m kcepmg mzh the :rsnd dnphyed by A Iur:e x:lass of

phnsphars { Mcl(mer. !985}

a -

e
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The dmrz‘ouuon of thmlummgc:nce m:e.: h‘s bem resolved 75 the !.echmquc .

‘of the mctxotm slow Charse mppmx ame: mth activation enugm mnsmg in value

from Q. 50 w0 2 10 ¢V have been shown m be mswnublze for the thermlumcwence_. .

~ spectrum of the TLD dmmond cryxuls ‘Ehese emmates Az ut:hsed in thc prelmunary |

- study of the radmpnotolumescence pmpemcs (w fuﬁw), wherc :he A m of opus.al o

themtai acmmon energies are needed to promde m mtcrpzetaz.nn of .he mechuuun

_ _ ;
- of opucai exc:tmnns _ _:,f
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7.1 Intoducton

) creawd luminescencs cn‘meﬂm mul:mg f‘ram a relatively smailer concemrauon of killee_.

. rat's : : ' ' ' ' o

A cmmm

Phosplmescenee Propemes of the Syatheﬁc 'rw

£

R Diamand

¢ . . . o
A sapvey ct‘zhc hterature to datc has showgw, that no anahms of‘ tl ;}hosphoremnce

- {‘rom th gynthetm diamond TLD: of low paramagnetic nitrogen concentrations has t

bcen reported for appkcatmn in :admmn dosimetry. This chapter prcsems smm of‘ r.hc'

zsod:ermal decey cham:tenst:cs of Fc-based symhetxc d:amond z:ryszal.r. of low mtrngen' | (
_ conctmrauon, as bemg Yavourable for application in in vivo radiation dosnmtz}‘ These
N symhenc diamond samp!es h:ve been shown (Nam et.al, :99!) to havc enhanced

= thcrmotummme responm due 10 an mcreaseci Inmme..cence eﬂ'c:ency T’ns m- |

. centres and x pmpo*uoaal!v mcreascd number of available charg\. trappmg states, i3
- exptouecl in this- smdy of the. phosphorescenm respom © var}'mg B du&ep and. dase _

e

L

Oi‘ eqnai m:parunce o thxs dmem:.mn i :he pbyszcni mterpmmon and the i im. -
p!wmons of the isothermal decay spectia. whxcb have been inciuded in the amlym pre-l o
xented in secnom 72 and 1 3 of‘ th:s chap;er ’%uch eﬁ‘or: has becn devoted to the: o

isothermal decay ptopert:es of phospl@rescent mutenals by past researchcrs !n pamc- | N

ulsr, the mne dependence of the uothﬁrmal dec;y spectra messund h-ts beer. used as 2

ool in the cl«nﬁcauon of the pwcesses occurring in such phoaphors. Enmples of such .
) rescarch can be found m the studies undemken b}r Randaﬁ tnd Wﬁkms (1:*45}: Mndlm
(i%ia,b . Ha}pa:m and Chcn {IM)\gnd Avouris and Murgan { !98!}. amﬂng others "
A classification of the observed niothefnwi decay measurcmts &mdes the umactensuc' :
luminescence decay from phnsphou mto wo generﬂ gtames!, iz, those exhibiting

exponenmi lunanemnce decay s.haraetmsucs and thome u!ubzung r"l !mmnesr:enf/c_

65

I
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'decay a.haractenstm This stndy shows that a uscf‘ul decay mnchnmsm for radiztion

B .r.ioszmeuy, whxc,h is a.lso 8 charactensuc of these dmmond crymlu, ss the exponenual-

type demy wiuch rcsuits fiom a Iirst order kinetic process. In this cm: thl‘: depcndeme .

of the 3ununescence intansity at & gzvm delay wnc subsequen: to an iniual nradatmn

' treatmcm, is demcnstmed to be linearly depcndem on thc apphed radiation dom and

B duse-mes The ¢ * lummesccrce decay process has, howeuer. been repomd to accur.

under 2 given nnmbe of phyt:cal situations. Medlin (1961a) auempted to estabhsh as. |

. the source o?' the /1 de pcndcnce, the pos:ulated occu;mce of a radmuve rewmbmntzon _
. process foilowing a second order kinetic proccss Subsequ-cnt analysis and cxpenmerul :
- work ( \'!edlm. I%lb) prav:ded greater avidence for the i1 Iurmnemm:e decay. fromthe

particular phosphors investiguted, being a result of the first order recombination i‘rn;:_x__ O

quasi—con'tinunuz dﬁtﬁbﬁﬁon 6 charge trapping statey ﬁith independent luminescence
centres, Recently howe.ver. % toechanistm tcr an mvcne time dependénce for thr.
!mnemncg decay. was advanced by Avoms md 'worgan (i%i} wherein the ;ype of -

fuminescence decay \:m mnbuted w trapped chnrge camm recumbmms at a»adabie -
recambmatwn centr 5 bv a tu.n.ellmz mechanism. '

What i howem clear. f‘rom the amlys:s {to be pmsemed) is that the sm:ptest and

most useful pmrcss to utilizs for rudiaxion. dosimety, it one in whxch a ﬁrst order kmeuc

E process, fmm energy states ha?mg dmcme. smgle-vaiued actwnnon erm‘ms gs prevaie-:t

Inihe rase of the syntheuc dmmund such states, which are zhermaily unmbic at raom
”"-\

| ' temperatum and occur in rela:mly hxgh dcns:t;es m\ih”e crystals, are demonstra:cd by

this smd} 10 emt, thereby facxlzmmg an easy ‘readout process. Tha dc:.ay of

Iununescc_nce at an elevazefd temperature of J0°C was aisq mas_urcd_fwm :he_s_qme dis.

: moncil:erystai and the chmcter_isticdmy_rate compirud to the vglue obtained when a |

similar measurement was performed at ambient tomperatures. This was done to give an -

indication of the stability of the teciiniqxie with an iccompanied variation in temperaiure -

nd berce the smtahnhty of thie methct! for doszmetry “fhe i mmwatwn for the

- chaive nf‘the elevated scmgcmmrc af ﬂﬂ“(: for the compamora of" the decay crmstmts. '

lies in the fact that temperz_uu_res in excess of ﬂus value are known 1o temh inariskof

%



o i
x mond crymls thh iuzmnescence decay resukmg froma smgle

N 0 bea lmear superpoauon nf’ deca}mg statesrgzvm by'

4

oL

° tiiné damage in hureans {Thom et al., 1973). M core bodytempm'am. below 32“C B
- loss of comousm can accdd, Tt is thcrefom expected that apphed mdmmn proce-
| :dures performed on humm zub:ects wz!i aiways be uaderuken at zelnpenmres be!ow

4e°c md abm e

“The xad:op!amphomce techmque, a apphed compmed an mma! mdu“\ﬁon,
- the dose of which was to be determined, af the dizmond sensor with b radistion froms

Sr source. ‘:h' pho?; hummm ymld. ata given delay time pmt-zmdnmn. due 1w the

- ,7 2 Expanentiaa Isathermal Decay Smtra

The mummm of the isotherinal decay spectra was pexfom:ed at room tmnper

' xtu.rc and devited wnpentum. with the cxpctmenm amgemem dumbed in §2. 3.

' _:1um=mncedeuyvmh mmsmumaﬂdnmﬂmu?mltom«fw |

' fhrz!n:r amlysu and data numpulauon Exc:tatzon nz kmmsceace was acmeved vm.h _ ._
8, n and ultraviolet mdmt:on sources. Shown in ﬁzun ‘7 l is the hnmnemnce dmy _
'mmm'ed At room temperature :ﬁw an initial excitation with an ”'Am -.!pha pamcie
'-source of 148 MBq cm'“* apem!u .:ctmty ‘The duu was nquirzd e resolution of 20
3'seconds All mummnts were corrected for backarmmd noise, The solid line ptssin;- .

. ._ through *he data p&mts represents the thcoreucﬂ dumpuon ;;yrrm set. For din.
3

; of charge tmppmg

| state. fcllowmg & ﬁm order kmew: process, the lummescmce dechy is expected to follow
the form given in expms:on 4.5. Inthe case whtre ) number (M nf such charge tappng
|  stutes are present md all faﬁow a first order kznmc pmcesa. the !umemce is upucwd

-.&:J_-.'Z}c_‘.fzq}mp(e:/r;) o

nvil

'y

: _ :ufa!msnonufhﬁquﬂm:hs.msthmmmdntimphosphoremmpom |

-After an mma! expomm of *he TED diamond to mmung raduuom, the :ubuqnent o
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" The algorithm used to generate the ';‘_iz_ of figure 7.1 has been described in §3.3, Twice the

!iumbe'r of cemponcnts'(zmﬁcre' issumed fer zach sppiiutiaﬁ' 6f mi's'algo:ithm. The
choice: ai‘ N which mmnmsed the sun: of the error squared for cach du:a point {SSQ)

‘was takcn 0 h- mdmm}d zhe number of phospham'enee components In this pro~
- cedure. v.hz number of eﬁmpcnems for :he uncorrected data (ro backx:ound correction).

wae. fitted to an opumum of three components, one of which had a Tate constant
, g~ a1, and an amphtude which agmd ex J:chtly with the -‘neusured bactground s:sml._
The vanu:s of the .wo cmer‘qngprémm **z/re r.hen stored for mbscquent compmwn c

Thc buclsround correction vas applied ax ¢d the pmcedm for dctmmng the upumum -
fit was repeazed. Subsequent Fis, w%m:h mamged at optimal salutions for two L

neuuai compnnenu. m compamd w0 pwet_ L ?alues obuuned for ot nsitency. Tabu- |
iated values of the amphtudes {rehmf’e wensrhs} for each cr.‘mpomm with the )

| comresponding characteristic rate {kwilt) :a;\;be found in Table 7L

- Table Tl
Y
e o n fLw {nrhwu}' uuits} : _ .&- {3~} | H
. A - e
- t | s 0008 i
. ) . - R . . S e e . “-\\\

Exc:ta'tm of lunnnescence w:th the a-sogame mu!:ed in the wmpamts hsted'
abiove, thn excitation was effccted with § ang vy sources, hnwever, ﬂze npxdly de- :

cnyms component (fz,) was not dctccmd The prescnce of‘componem (&) wnh the slower

‘charactidstic decay rate. WS m all the musured spectrd and was esubhshed to be in.
- &cpendem of the type of excxta 7. Similar msurementn of the chmc'mmc dmy'
rates, peri‘omed on dﬁfer_em dmmon_d crystals, at room temperltute, under ulzrm_out' '_

'and # excitation, yié!ded decay rates of the order of 0.01310.002 =%, Th& mxuucy to |

which these components could be measured, was affeted by such _f‘ti::o:s as the baék-_' L

®

T
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s

| - ground no:se whmh had to be camed for, the rsmluuon w:t.h wgn h th: immscmce

- intensity was measured as well as the(?mrxma! differences i ?mzm#, ~hich occmrcd |

- from crystal 10 crystal of s:gmﬁcmcc to the physicsl interpretation of the dau is t.he S

fact that isothermal spectra with an expenéntm!-type dcpendence :mphzs that the My _
rate is mdcpendent ot‘ the radmuon doae In purt:cular. -

i{:o') - C;xﬁ.u f“r

B {E} and frequency fnctor (£} of‘ the charge tm‘:pmg states under cansxderatmn Hem c
- is an arbitrury normalmtmn constant and ry 1s t.he initial trapped charge cancemmmn '
For a z:m dmmond crvsta! at 2 fired temperamre thc characteristic decay paumeters _ "
(s equmon 7.1 e cunmuu bacause the frequency factors (s and the trapping .
- depths (£) are dependent on the mtute Qf' the defects rcspon*xble far the trappm; states - _
| The. httc: are. cleuly fixed ior & given duunond cnrml st & given tempm:ure The
~ Kn)'s described by expression 72 are therefore directly pmpomnna! to the matmi' .
'trﬂ,,.pcd charge concentrations {». s) and hence the mc:dent radiatién Jose. Ttus pr...-
dicted behaviour has been verified by the measurement of e xummmnce mtmmy xs
B i‘unctzon orzhe mc:dem raduzwn £ dose. Depzctad in ﬁsm 7.2 is the result of these .
o mmrcmems. The Imear fm-m provides ﬁmher mdence for the pos:uhted exmeme ot’_
 afist order Rinetic process due 1o discrete clm'ze trapping States in the forbtdden gep | . .
c!‘ these rhamond. The eup:nmenu! pmeedute used to denw thjs datn mvnlved |
“irradiating the dmmond TLD with the ®Sr source, wh:ie aimd} mountcd in the copper - "
striv, and then Ioadmg the ,;mple in the azrangmnt shown (ﬁgure 2 i) The

luminescence y:eld was then nmsuted at 60 monds post- '*ttr,m To wum the

sample to the virgin sate, th dmmand TLD was annealnd, whﬂe mountes ir the copper |

skaip at 400°C for 10 rainutes. In this way the effect of differences in sample geomeiry

" was chmnated Ascun be mn, 2 Finear dependence of the Iummesceme mtenmy on the

3 'mdm;on doss up tu 3 Gy was ach:ewd ’fhe saturation cffect is mterpmw.! & limita-

.
s e, .
P o

. o IF

o

» C‘n,,t -1 N - {12} |

so that tlu.- characm-suc deca} mmtznt 18 new dcﬂned in terms o!‘the acm'atson emrgy -

{
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‘tien at‘ zhe tatal conmnmtwn of ma!low chmge zuppmg states mpons:ble ihr the

. _rclane chmge in the c‘:anmmtxc lifetime (1:)

measurzd Iuminescence decay

The result of & sumlar expemnem in wh:ch the dxaman& TLD was Ellbjected to B

dse rates below 4 ch s"‘. is swm mn ﬁgure 7.3. These musummmts were eﬁ‘ecwd by

L)

proczn o

In order w assess the elfect of a changg in tempmtm upan the chmge in magm-' |
.j' tude of the charactmmc dccay I»Ienme uf the shallow charge trRpping stages. these life--

_and thw measunng the phosphoresccnce mpome ata ﬁzed interval post-mduuon. |

K '

| 'plamng the dmmond crystai at daﬁ'mm distances fram the *Sr source for 30 seconds

o The lmear form of this remlt also attest: to :he first order natm af !.he mamhmanon"‘ R

times wers mmed fora gwcn cryual Bt room tempmazum and 40°C for compunson._ -

F!gutc 7.4 zwcs the. revult ot‘ this msurement in which the e dsamond crystul was

 given different UV radiant exporures at 20°C and 40C. The fited values for the amy'__
lifetimes show & difference in value of 2 %. The relative change in the phosphore;ccm'
mtensuy rcm!nng from this 2 % changem ﬂw decay bﬁmme. can be :hawn to be of the

follawmgibrm.
ﬂ;} "'M{ "'i" ";'i'] S _;__.':; o “_(7-3)-. -

the maximum. relatm change in the phmphomscence mtens:ty duc o the cormpondmz '

AT

f(*?__ R

of 2 % in the zelat:v c;mnge in mtenmy sta gweg nme {:} 'l‘hm excellent mbahty

pd

N

. A consxdem&on afthr; ﬁrst oréea' npptoxxmuon in & " 1;1 {Le :!‘ a}} the **ﬂm mnumms
factors. nf the i‘om (), with 2> 1 are dsmrded} reveals the followms mple forra for_ .

. Ti'us means that the chmge in 2 % in the decuy rate (k) gives & comspandms chan;e -
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chmc:enssm ensure & um!‘ann mpam i ncxdem rxdunon st tempemum in the .

mdﬁwﬁmmmmxﬁtmwm

S

73 Invérse-tﬁﬁe dependent Isothermal Dee;y Spec:f.

Lnike phosphmmce ‘decay spectra condueted at room tempersture, the.:
iunmmm dmy of the T!.D dsamond undem.ken at }ughm' tcmperatum {> iu(ﬂ:}. . ’

; dnes not dupla} & nmple expancmul dependcnce ‘When a:tempted fits: of‘ zhe exper—'
uumtnl.'y mured dnm tox ames of 1 1o 30 tqumnmt components vm roade, the

L 'én-ulatmn «oefficient denved was unacceptably low for each of the mpcctzve mempts
- Hﬁmv%r, fimng pmcedures ‘which perfarmed 2 pnmmter mxmxmm:an by the N
B MNUlTS searih monthm. ust *«.pmmon 4.6 wds fonnd 1o provide more mhabie -

- .de:cnpmm of the experimentad dn-J Such &h exptesnon hes been succesMy appbaq' | |
' fo situation in which the observed luminescence has been assumed to be due to fi R

= order deuy fmm & dxztrsbunm of mppmg mtes {Madlm, 19810}

Si‘uwn in figures 7.5, 7.6 and 7 7 are the cxpcnmcmaiiy detertmned !ununescence .

) spectra obtained &t sample :mperamm of 150°C, 200°C and ZZGC, renpecmrcly I’hﬂe

mzmments were also perfornied using thz expermmul ;rrxngsment of figure 2.1
 Table 7.2 contains the values of pamnetm nbtzmed from the firting procedure. The
. quantitative mterpmanon of these pnnmeters is mnde cﬁiﬁcu!t by the mtcrrmce of” '

- !ummscence from ovcrlapp:ng charge trnppm; .states ana the vamnon in the_ :

| : !ummemnce spectn obsmed with dxffmt uv radimt exposures of ;nmcullr dm-

" mond cr}rstm at idenuca} tampmtum. In cases whcre the relative distribution of . .
| charge wrapping states varies over an npprecubh runge of enurgy vaiues (Mediin, 1961b), o
' '-the formet. effect can be qenous \emheleu. it can be cancluded that the mlysu bf '

the dzsmbunon ot‘chuge m\ppmg ke of‘ the pmvinus chagm. and emdm cf

o, '

) _—

y
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Ta'“ .{3 . .x: t\.-r"” [ : ' . ’
| Temperature 0C) | b (ublteacy umits} | Eweconds) |
1% | am oss e
w0 s o w2
‘20 ] 1838 - 737 BN

"mmu-t:me dependenee ofthe iummu@em zpectra obmad at eieumi wnperm' -
| 'pfcsented in this éhapw- pr:mdt. support for the pos.uhte thlt the mme«nme o

pendmt duay is the result ofa dumhuuon oi‘mppmg levels in these synﬁ,zm: dismond

R L) . @

. 7.4 Ccmclmiom
- T muits presented in this chapm show t}m ahaiiow char:c !mppmg mm in the

N farb:d&m £ap of the TLD diamend crystals can give rise to cryzu!l with characierisic
L ' radmphosphommnce pmmtmg ﬂmmmbh danmcxry propcrtm byer the temppiersture : |
mn;a from ZO‘C ta 0. An mpomm rzqmmt, which thm diamond ﬂ.iﬁ& far_ L
| phosphorescance domtry ia the pmmce of chme mppmg staies baving discrets,

[N

' 'amzla-w;}ued activation enargies which are el ﬂwmn!ly unstable it room twrpnamm o

i.muznty :nd mbahty nt‘ responss (1:2 %) LR ﬁ.ncuun of the nwdent dou: mc xt

- eemperatum mz;mg in mmtude &um roam tem;‘crnm 1o the nuximum tempru-
-atu:e sumuublt by the human bady, lmd :he mhltty of u thin probf. wuh s ! mm?

m!muon of whxch is heyond the unpe of thxs d:mmuon

. dmnond at one end of an optical ﬁbm, sre !‘ums whach nould mlka these émmﬂnd; _
pumcularl'y atmcuve fot apphanon m In vivo and i situ do:metry appbcnuom; 1.1

S



CHAP'Z'ER 8

Radiopbotoluminescence P'aperﬁes of Syntheﬁc TLB mammd
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81 Intmduction e
. | | For tlus pm: of the study the RPL propmm of ehe dmmond crystals were mmn-:-
o gated. The radmphetoimneumce techmque as applied, campnses an initial

._._.madmuan of the diamond unsor with ¥ or 8 radmmn. The sensor is then expomi to -

'hght of pre~selected bmdpass war !enzth The mtennt\. of the mu!t.ms enmted light, S

centred about the pnnc:p:l cxmss:on waveiength is then msumd RS me RFL response.

'I'he work teported in his chapter focuses on the variation of the raﬂ:opho:n— -

- iu:mnescmr.e nsnul with tirne and with the mdmuon dose, int plmculu in or:hr to '

) 'gun an undarstmdmg ot‘ the kmucs ofrndtaphntolummescmce. the opucni ext:uuan - .

| © properties of these dumond c:ysuls werc mmal.y pmbc - the prebnumry pm of the _
| B study. In this way wgmzance of the superposmon of' thc eichts of opucal smnu!mon .
upon the: RPL-sxgm! were accounted for. '

o 8 2 Preliminary Measu\remenis and D:scussims
 8.2.1 Tho Optical Bleaching Measurements

4 Bausch & Lcumb hzgh mtenmy Xenun hght source mth an attached. :

monochmmamr aascmb!y um: (5 2 5) !‘or operauon :n the 330—900 nm mveleng:h region ”

. Was used to eﬁ'ect ni! optm! bluchma rmasuremms The t-:r'n b!uehmg is undmtoodf_._ '

. 1o mean the process of depopuhtmn of an traps throughaut the ducumans of zhe

measumments For thc pre-hutmg cycle the. sample was 1. lmpcd atx ate of 16_“(: e

f‘rom room temperaturc 10 & maximum readout tempcmure of 280’(.‘ _
For the zmsuremnts. the dmmond crystal was given 23 Gy.# pnmcie dose. thcn

iltuminated afte: a time delay of two mnutes_-post-m;dmtmn, i‘or_ 2 pcnod o__!' _thrcc |

80
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 minutes with haht of prﬂ&bcted w:ve}msth A mbsequmz thu‘malu:mnvmhce md

out process whxch :nviaiw.d rampmg the *m tum of the dinmond *I LD (Ulwc PR

a ﬁmher delay of two rainutes post-diummlutm.

- from room tmﬂ:m t0 3 maximum mdom T: of 450°C was injtigted after

ofa{‘:cedwnecydeauowed'
'y comcuon for zhe loss of themmlummem signal, due o the hbemmn of cham'

cammbythe:ma!mm,tobemade '1hndxffmnccbemeenthemzegrﬂthﬂmolum- -

o memm glow m:h the umple not havmgheen ﬂlunumtad and det‘med hmu fu, and )
-when the sample was ﬂlunnnated thh haht of prc-sekcted waveiength denoted 1, wai L

ukm 15 be thc npuul b’ nchmg mponse ofth: specum at :hnt wavnlezw.h{l) ‘ﬂm

. procedure was cavried out &t & number ofwavelengthsmth regults as depicted in figures -

_'Siandszwhnhthow tbeopum!biuchmgwmmafthethmo!ummm glow :

~curve obumad without (ﬁgure 8.1 and with pmhutmg {Rgure 8.2} The peroatage
. bleaching was derived using the following uht}'oi.sth which expresses the optical

~ §2.5) used to account for the _non-umfm spectral response of the Xenon lamp.

I,....J,)Q
w- )

LoD Lg (

L

' | Time meamrmu gave an mdmum oftha eﬁeeuveaeu vmh wh:ch hsht of a gmn

@y v

IR S
£

b&eachmgmpcmx !(l)mtmoff..md I.umnushmpcomcnon m:tc.r. LA.{""‘._.

wavelength dcpopulumd the thermlily tctmbh charge trapping states in these dizmond 3 -

" -crystala‘!‘heoptscnlbhachmgspacmnf'theﬁmmaland&Zalwn*i!m:hacmf -

_ '-pnsxte nature ut‘ﬂ.w thertﬂolmmmmm a;mtmn. As can be wen the TESPONIR A%, de-
| pmed in t’xzure 8.1 exjubm no dxsunrft peaks. F:;ure 8.2 on the ozim- hand shm the

| _fmut:orpmlmmwmchmmee&emofumumahmmmwpmm'
. shomr wavelengths. 'l‘he appmxinutc e:mttmon energy at which :huhmﬁedgeamm

i

'g;'.'

i
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ts 30 ev ’me mnh of ihe*": msumu shuw :hu n&ophotuiumm B m

.prmpa! :cmenb!a by ﬂwm afhght nfmfﬁcwm!y high inter. -2y The pn«duned" N
3thmlnmmemm¢ ;!on umehubwnfaun&by:lwanﬂ*mofmpwé tv be the .

\\ ‘result of glow from : dmnbutmn of c!‘arge trappmg states having thermal acuvat:on ) _
mrgm (E.....} in the 1.6 ev-z eV m:se. with & dominant contnbuuon from wapping
levels imrms a megn a_ctmmon energy of nppmx.mtely 2.6:!_:0.2 eV, In addmon._ the

uptical cxcitation pmi:css for a given trap depth, is expocted to have a chamctebistic - -

"'Bmdmdth due to the v:imuonm des:ree of ﬁ'eednm of the complex {/defoct ceutm} giv-

mgme Iot!‘!lt defectievei Thar:uoofE....JE..... for the charge mppms states re )

sponsible for the pwclcanod glow cum i appmxm:ely 15 Ratim nfthss nattire have

_' bemdetemmdb?htiuﬂﬂd(3%3}mlnmammmformmui¢um-[; o

-o(“l‘ypu Vﬂuunnpng&umlﬁta!ﬁhaubemawd mfmarxsmm-

'_-mthu\ﬁuéymuemthnuhﬁmhamndeymdmﬁ;mn mdupphubhm
- Stokes-typc ﬁhmphcm, is :Iso mpluble o thcse dumond ﬂ)’ﬂlk at ambwnt :emper

atures.

[+4

: mmwwmmuMm

Tdmgwmmafmwwwhmmpomafﬂmmm

"zhe@mmhwmemcc spuctrumnt 375m1.th¢ optm!bhuhm;mpamu tlus wave- o

Jength as & ﬂmcuoa of the ndun: cxpmure was studied. Figure 8.4 summarises ;he re-

m of xl'us mmugntwn mae measurements pmwdad ﬁmher eluc:dmm of the

mhamm by whtch the optical hluchun; ot‘mm occurs. Hem a model def-mbod by

| Chen etal. (19?0) and app!ted by lmeh et al. {1971) for the desmpuon of the excitation

of thmm!mnucm in Kar, proved useful. In thm studies the pbpuhuon of-

zhmolwmmm states in 1enms ofthe :bsmpnan of light in an arbitrary mhd con

taining a umfom deamy of chlrge mpm mm and mombmuon contres, was | _
- considered. Aev:ordms 10 such a mmitl tbe mumc opmi blemhm mpoaae ﬂx), a N



4 EACITED STATE
.- .
B

tal

£

w.

P Sl e ongtoon STt e AN

SR ——e

” re R

_ L T ascived _
_ cou:mﬂm COORDINATE {X)

ety
0 a-phenl b+ 4

I‘kunts mmmmmmmmmwmmm
mwmawmm R
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t‘ouowmg relatmmhap
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where 3 the rudnn. exposure, «isa propomomhty consmu aud Lis zhe mnpl.e' '
thxckness. A: iow radzam a:xposures. the respon:.e is expect-:d to bﬁ linear in the ﬁm |
| _tpproxumuon. awj my be expressed in the follomng converient !‘or:n: .:)' |
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| _-”Akhoughthupumi émnbuuon ofde&ct centres mthw&amonﬁmymhemfm
-'thnmoddubeinvedtohel;oodfmtappromuoummcmmmnmm
- crystals. Thunumpmnaf:uhm&thhaptmlabwmnmﬁkmmthem

vation ofthe theoretical moded wis ﬂ:lﬁl!ed byth&chom of375mutheopnai

"_bhachmamwkngth As can ﬁe:pmmﬁ ﬁ'omtbemqncnon of the opmal-
”;bmm apecumohheu diamond (cf Appendin 1), the opticl. abmrpuoncoefﬁ |
| cient increases in magnitude on mom 1o the zhomr \uvaienzthsm the ultnmiﬂ re-
'_";mn of the apec..im. 'i‘hu resublt of the optical b!uchm; nmmmes-: mzh udnm
" cxposu:e uﬁlmmud 0 imm 8.4 showsmzmtui tintar region with e tendmcy for

a'urauon to set in at relluveiy low values of radiant exposure These effects can be
mmtedforbythsmtweiy ahoueﬁbcunpuh iength oru!mvmhthlht in the

'cryml.m:mdmmhqwauvmmnwmﬁmm&- _
mbedbyoqmﬁm!.l. qupmmasﬁmummdthnuhlu&mu- '
_mmuwtmmmem(ﬁ in the case of the synthetic
| aummmmhuuammmdy:huammumbewmmmmroaym:' |
uﬂndnmumofthemdsu«dmthunudymcomwuwmmmnsmd |
standard deviation. The physical significance of these measurements s that the stimu. R

o hung h],ht phozoav liberate charge carviers which, bu:auu of the pr:énminnnﬁy ﬂm

ordw nature of the thamo!\umnm pmem ther rocombma at !nmmemme centrey

H(Cf Chapter ), 1t " therefore axpected that an RPL responss to exciation light m be
o musured due to the radiative momhimuen of hhcrated charge carriers at imnescm

cemres; This t‘ormod the monnumt For thc msmmt of‘ the RPL zupo(L of the

| ] thm!!y acceseible charge teapping stntes within the dunmnd cr;sta} as & function of A
- n md 3 dom. Takmg %:;mm oft!n optical b!enchina response as sfunction of
. _'mve!en;th(ﬁgw*as 3.4 and 8. Z}thcm.?nmrvinmr}'hnewaschcmumnmpmu'_ n
_' | and unly :miahle source of ummm w2 ’.'elen;th mw w!ficmm ummmy |

B3]
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o az.zm:mwsxmemamm

‘The udmzt erpcm responIc ot‘thc TLI} dumond to u!mmiet hght m studied

" to determme the onset of b&nd tmmuons i rh-.-. dizmond crystai not previously sub. o

3ected to nduuon mzment T‘us was done in ord 'er t0 exclude the mpe:posuon of

: such eﬂ‘ects from thc: RPL msumwnts !t wat fgund t}‘.at hzht ot 250 nm mu!ted in

ﬁllmg ot‘ thmo!um:scmce states in pmpnmen 10 zhe mh.nt expmure The radmn

exposure response musumm;s {ﬁgures 85 and 8. 6) were. ac‘uexcd by explontmg the -

second ordm‘ ditiraction ‘component &¢ the 300 nm settmx of the Bws.ch & i.oumb Ce

| monachmmtor in con;uncuon ’Wlt}'l the usc of 8 :.smo A bandpnn fileer. For this

part of the stud'y the diamond was subjected 10 ﬂmmucms of‘ vamng mtmais. fol- |

jowed by 3 msurement of the integral themo!unumcence mpame. Depscted in fige
B uru 8.5 and 8.6 are the radmm exposure responses obtained from the :me;nl glow :
mmmmt effected thhout md with the pm-clmmg cyclc dcmm eatlier. Tius - . .
| behmmu is behwed 10 be conmtmt with the § mcrpmmon that tight of 250 nm is ra- ' '_
- pable of :omng hok rentres sbove che valence bmd msuiung in tht f‘zllmg of
' thermoluminescence states. This affect is also thought 10 be mponub;e for the observed L

e.xm::iou of the ﬁmcf wul optm\l abmrpt:m band edge of :hm {cf Apoenﬂu in.
ami other ‘i'ypc i dumond {Kmer and Rond, 3959) Further evxdmce for thn postuhtc.

'mhcr than the postu!ate that the ﬂhmg af‘thermo!mnemncc smes is duc to mna- :
tions Imm the va!ence bnnd edge d:mcﬂy to: enemy ievcls responsible for the
thcmoiununesmce spectrum 1 provided by the fact that the entire spectrum nnamg o

- '-{rom room tr.mpemurc 1 4$0°C in excited. If the zhmo!ummemnae apectmm WS

selecm ety cm:ed. the latter ponume would be note !‘easable lht is nmmd that tm
opucat aet:mwn energy for e ﬁllm; of thmnoiurnmscem states is commmmte :

with the mrgy ofn light photon orappromte:y 250 nin, the dd!‘ercnee in the mt:umc B

| merg} gep for dumond { 3 A8 eV) and this apucul acuvmon mergy prov:des an mum:c- -

of 0.53 eV ior the pos:t:on of' the hole gentee abm‘e the vaience bami. Emrgy !evcis o!‘

0



thu nutu:e coutd posnbly explain the qmcbms of!ummemm observed ard thmsted

""mmmcfmmﬁnmmm :

. The lineasity of response of these diamond to wltraviolet radiant exporures suggests
& pw;t:cal :ppkcnnon of this phmomnnn for use s ulm«uokt domm:. n whtch. | o
a0 interest has been shown (Melta and Senzupu. 1978, Lakshmanen e o, 1978) for

bm-ned:m mea.-ch as well a8 pmam! dnmuy !-‘or phatphors such a3 LiF use ai‘ the

E '.F-centn has mmnde for ultra-violet donmetry The phosphor is ummd’ by ap-
" plying a lacge initial # dose, filling the both shallow and desp charge trappinig states, The
shauwmpmummﬂywwammmmmmmmamm*
wthatallbutthedeepmtmpsmempmd..ksadumuthemdmt exposurere- :
sponse to ulirnvialet hght.whzchummmed toemptytiwdapuappm;mm,:.
. .wmqtmm:aMMuammmmchmmbhwm _
thermolurainescence tochnique, is measured. Anomitbmnimmdnmm o
: :mmmvmtmtnfﬂnmuandou o '
| The apphcauoa of thc diamond TLD 83 an u!tu-vmlct doumer uppm to be |
o mﬁre promizing when it is considered that & seusitisation ptoeeas i not secessary,

"3'thmbyehnmm:nus:epmtham<ioutpmoﬁm Of‘prmrytmmnmmthekﬂ'
study, xsthaupmﬂwehadtabeukzntoenmtlmﬂmdmnondumplummt -
"_axpma to light of wavelengthis shorter than or equal to 250 nns: [v this maner the

kN

R superposition of the effects t‘rom hght of these wam!anaths with the RPL-ngml could o
be ehmuuw& B |

._u4mmmmw | . o
‘In ardn'to verify the existence of deop :hmulﬂy mcmublechargetrappw; sum

' 'the phntomnsfmm chmctmsucs nfthe TLD diamonds were stud:cd For this pm o
O ofthe studythe'ru}dumundmchhsdbwnmmhd.ﬁdondandundcrzomn |

Y
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- cyckwnmdy '. mt@to{
_mmntdmhﬁmmemhmpmfmmrmﬂmmMm

rsadout process was mmatcd. Positive muizs were obtained when & monochromater '
| 'settmgo "‘“"nmmzundmwdﬂtomkezmofmeoveﬂapmsmmdomm
- _ponent at W0x10 mm The wcundardef camponmt hud to be used asonly

m@nachromtar m:mgs in the 350.900 nm range were accessibie. F:sute 8.1 depu:tu the

- intensity of the thmlunumwence szzml exciied for F 4 ﬁxed ndxan: expommth L;ht _' |
'ofml}nm.anerthedwmondmsorhadm;wmmmnaeof'l!domshmm_
-_-_behmcmrammmdtmmn of the phmonmsfmemdb&ucmn:pmmu ot‘thl -

'deepa.*rgemppzn;sutusnmwdmmﬂforbaddmhandgapo{thuedum The

phmotmdmmarchupammumbymfactthumi}ywa _
"-pah.ptmounymﬁad.mbcthmmnyexm In addition, repeated Mluminations
' _anblwwMuﬁm&«m!mmmsmmvdw E

_c..ar;c trapping mm pm'ndu the pombahty for thn To-nasesRent ai‘mhmtm énm.
-umﬂymmmwbunamndudoutumqumdmmnﬁmormmw_

: _-musumt:. This famad the mumm for the stuéy of the R.PL visld ax g ﬁmction o

- ofudnhondmdmtom&tmnmth&e%mh&mym

el

-'__s.z.smzmsmw

!noﬂuth:tamtuhhchomofudiophotohmnmmmmpmumw o

!encthtohghtofmmzmdz%amcouidbemde,ﬁmmmmm

‘exzitation from these Mcmn‘y lzncs, were measured in the expenmenw‘ mmtpf o

"3

figure 2.7, As an additional mqun'mt two ﬂmher memmmta n!‘*'f 'J on

A oo

| __spmmmmdmmTthhodalummmcmnfme Jhmcndcr"ms‘fm- -

c LI

measured in the sxperiments! arrangement of ﬁsum 2.5 at ambiont aed lquid ni:rom o

' tempemzum in an atzempt to excite al! pawbie radiauve mnsimms wimh can’ m

.
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':mlhmmthmdummdmmls Formmmgammﬁ!epmhe:ﬂmudm_'_
tmlsmmﬁformehauungofthedummdwhmhmuﬁﬁmbcwww :
dectmn beam energics. ran;n.; in value ﬁ'om 5ke¥ to 12 ch The phosrhomm. _

enssion spectrum was #iso determined in :h.. s.mnxcmmtdcp:cted in ﬁgure 2. 5 for

cornpanson

- Imal e?y “&p&m msurzmenu thi= !‘ma! data was den?ed In !‘oldmg n thc -

phmomulupﬁermbe mpbme amd the remwe abso:banee respange of these dumond in-
the rr.te\rant mvel:n;th wgton A typlcai absn'bance spectnun utilised is given in Ap-: |

hght by Lbc diamond crysul w*uch is non—neghpble in the u!tra-m!ct ené of the spec-

-~ o pendxx H. This responsc was foldod in.20 account for ulf-absa:ptmr of the mumhtedf_ o

tram.. The physml form of the emission specm demed was f‘otmd to be mdepundent. o

of the mode of exci: ation or temperture in the cm whms cathodo!mmmm s

. perfuzmedatmhumt mdhquadmmm wmmmre:. Depacted.nﬁsure&luare-" |
:ponar t:mmnz the. mmon specunm ‘under ez&hcr of the md:ephotolum" '

'-cuhodolmnmme and phutphomnce excmtwn n'wda. Tlus result shows s spac

tmm hmng R brond rmge of‘ emistion mvelengths ranging in magnitude fram W0 nm

to 580 nm wu.h 3 paximum response at approximataly 310 nm This spectrum is similar

to the band A t.‘kthodﬂm:mnesmce rcponed for Tvpe b synthenc dmmond crystals -
| (C"m’" 1974). The W‘M ﬂxphnluﬂn of this specm.m is tha i it due to dosae ©

- -acceptor pm W"..bm!m 0% 3l jurpinescence centyes.
\?f" \k\ .

E 8.3 let.s and Discmimm o __
o Tak.mg cosmzmcs cf the mu!ta of‘ the prehm:wy siudy, alf ndzophmlum

mémnoc responses muitmg fmm exc:tauon mvelcaxths of 404 mn md 296 am were |

' _mumwd vnth the bandpass: ﬁlter ciom: m :he m:umum mponse in tha emission
R spectrum viz. 526210 nm. 'l‘heu 1esponses are termed RPLAN and ?.PL-Z% respec-

 tively, throughout these d;mmonx.
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""I-”ne reku’its of the 404.7 nro photmﬁmu!ated emiliinﬁ of the cry:t:is, after ¥ aad .ﬂ '

' prc-exposureq u czcmed in Fxgurez 8.9 and 8.10. The expetmtal prucedurc adnpwd

‘i

for ob.ammg t!m?: results is as foliows " L - ,/

» 'I‘hc digmond TLD way mdmcd by czthcr af’ th!‘.' "’Co or me %Sy sources 1o the re-
' qulrcd radiation dose

¢ The c:yst;ti was't.hgn mounted in the experimental amn'gcmmt of figure 2.11.

*  The radiophoteluminescence yield was then measured after d:lay of tﬂ'mimxtes )
post-irradiation. This involved mﬂsﬁrihg the response at Sen ™ nm, due o

-tmtauon with the 504 J nm ‘v!ercury line, which was nl:r'nd by an appropnaze'

setting of the monua.hmmtor

.__\, .

. was mpenmpose:! at the e'.ut monachmmtar shit, The introduction of 2 fixed 10 mmute |
po.,t-m !dsatwn time delay was unplumnted far ali RPL measumnents to uimatc any -
. time deper..ient effects such as charge trnnsfbr processes, This pracedure is ;umﬁed by :

the meamrmuts ol‘ the fadzng and buﬂd'up ptepcme: of the R?L-sxgmi undertaken

i thc latter pnr: uf ﬁns study Pnor to the nmuremt of the RFL doumeznc re-

' sporm ofa gwen dumcnd crpml to urymg 8 and l' ndsauons. a mmmmem of thn' |
'background s:g.nl was made. For this, precautions were taken to ensure ttm the :
mounting of the unirradiated diamond crystal was identical to th_gt used fox_' sut__s__uque_m .
RPL do.«: re':pomﬁ measurements, ‘The signal meuu:ed whim :h& unirtiﬁiatcd diamahd S
. crysm wat illuminated mﬁu J'te pre-selected wav..lmgth was then' m‘xen 0 be the back-__.' .

- grou'td signal, The pnnclpal compunem of ﬂus ‘w.kgrouné signal is ncnbed tn the

_ mnsmmmn of'a smll ﬁ-m:tzon of the gxcitadion radminn thlt wn mttered oﬂ‘ the dx- -

amond and phnchex through the bapdpass ﬁlter and on to the photomulnpher m%:-

The remmmng conmbutmn ms sotreed to intrinsic ekrctronw nmse. -

%

in order w cxclu-ie second otder diffraction componems 2 320 nm h:gh paas cut-oﬁ‘ ﬁlm '
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o . ..mccmtilmithenmonhtediﬁﬂueipoﬁmwimmuofﬁ;m2.!.1.

!n the expenmtl m«otvmg the use ot'a custom bu:k “Co facility { Kerr ez al., 1975}

- for ¥ mduuam,thgdownmmddnmdehvmﬁmﬁnumﬁumwﬁby;

'-"_chan;mamenmphm: d:mmc uﬂthcexpmmummm!y Exposure._:
'mu ranging i value from Z”Rmm *t0 m&amﬂ canldbeaclueved usm; the'-
_I.:)s:em. An abmhue calibration of the sourcs zxpom rate as a function of :!udumwe |

!'mm thc source t:entre. usmg a Farmwer Seconduy 5tmdud dnmmcr is given in &p— B

“pmux L. | | |
" The telauve mponm of the dilmonds t0 ¥ md $ radiation dom as dmc:ed in

figures §9 and $.10 are very similar in form. Lmrymmpamrmme.swmey;_ .
.mth murauuneﬁbmmunsmatdommmm 10 Gymtypml futur:s Th:s __

o mponuupmmyduemwedepopuhnonofﬂnthmnyambhmmw )

) . states. The same saturation effect at appwoximately 10 Gy was nmm;mﬂpﬁ_.'

a -___mmnm mmmm'm«a An uncertainty of approximately 10
%mtﬁedmdﬂmﬂmnmphyadupmvmﬁwﬂmuandmmmw

a aumgm; 2 numhcr of values for'the RPL-signal, ..
in the second phomfmmxl:ted study an emuuan wawelﬁgth of 296 DIt WS u.m!.

o '!‘he cormpond:nx emistion was mm mauud in the “\2&!0 mn regm Tha cxpe:-'

- imental procadtm ndopted for thes» musmmts is ut follows:

'  ._¢ 'Thednmmdcrymlmsmdmedatn‘w*Co"auhzymm@hrdamnmnpoa
o mmteorzzwkm"’ | | -

_l _The thml!y m:amhle rtum trapping states were thm bklchad 57 ml s

o thermohs;ﬁmm readout cycle whick involved ramping the tcgnw:zm of the
| dumond ‘!‘LD ﬂ‘om reom mmpmtwa to 450‘*6 at 16°C 3=, SR

o

300 o e
" . - ) . . .
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» 'i'he 526 nm RPL y:eld obumd, zﬁar & delay of 10 mum P’-"ﬂ-ltTR&lnun, with . T

mmnmh&mrymmuhmmmd. _ - o=

A xmasuremm nt‘the background ugn.ll cantnbuuon m aim carried out for subce- o
quem comcuon. The rcsu!t arthm mu:mu is depictad in ﬁgum 8. !! Itis clear
from the figure that @ minimum detecttble dose ot‘ just w:p’aer 106 Gy was achieved. Use '
| of such a system allowed accurate asamment of radu.xaa dom in the kGy rtnge. mth B

E satumwn effm anly hecom_ng seievant at nppmmtcw XGy.

In order to gain ﬁmher mm;ht into the mmm:m ofndwphataimnmnu, as

Muﬂnuuﬂﬂnmofthumhmqmmudmﬂondommmoﬁmhwm:ofms
urermms were undertaken. Thm were mpecwely, ’ )

* The &ding and bunc_.up chmc:cmuc: of_:he‘ n'?z_.;m xad RPL-296 agmu |

Thehlmhm;mmafmnﬂummmzmwuammumorm o

mummnon dme

: The fhd,ma md budd -up chnncteruuc: for zha RPS..-#M md RPL—?% are g:m in ﬁ;-

‘uees 8.12 and .13, respectively. Each oftlme mmnmperfomd on the
| | m&amnduym;tt&emfonommmnwnmumm&Thmm-_ ‘
sults show mem'y sble storage characteristics of the TLD diamond. A rd:uvehr fur

budd-up pmod in the ﬁm 10 hours post-mdhnon. foﬂomd by & pericd in which the

menured vaiuu are onstant within & rmvll margm. is & characteristic ofhzun g.12. !n' -'
o the case of:he dupcham UrRpping states, ﬁ;ure 2.13 ulso shows & graduat mcmae in
: the mstT;‘ed RPL.signal. An in.case ih u;ns! of:ppmmteiy i0 % in 24 houfs s
- typ:c:l feature of such mwremem. ﬁ.t Iater tinws the nsponu it constant to wtthin

_ 5% Such initiai bmld -ups inthe | 1".‘ . **;snul has boen obm-m! in. mamum—vhvated
lithium fiuoride {Lmu et al. 1976) .md :zimmutad a!us (Schulmgn « dl, 1953)

L
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:_ --andappuutohaatypm!fummofaﬂmmmu Sohdmkmm'
'_muwmehmemmmm:ommmhmmmwmam 1965) ©
: mmnxmmmmmmmns&mmdmuummmﬂmme

obmbmnomwmm-upphauudepnﬁ mbothﬁsm'css iZandS 13
suggest :hut L sumhr mechanism, as proposed in cwrent models for other phosphm.

' accursmiheTLDdumond ‘I‘t::lsmppcmstl'aeepnhmnmy:zmsl.u'lm'm:m!st':i‘t!mrc:l.uwm:= o
- denm}’ of' mm perl‘ormeam Ch:pmﬁwh;ch suuested thet charge :msferproceue: -
uvnunndhnamxhnmsn' betmde{ec:mmmqmefcmble. Y -

| 'Ihcremixofblachm; :!iununa*mubyh;hmfﬂd?mn*nd%nmanmm

o nitude of the RPL-404 and RPL-216 was sleo assessed. repmdmn;m 8.14 s the sk
B . muitaneous measurement of the remnant RPL-signat with i o _
) lamp ﬁiumﬁon (®). A reduction of the RPL-nsmj by uppr:m_mtely k13 % was ob- |
wmdtﬁarlpmodof:io minutes ihmmination. These remilts underbne:herondmom B
under which the RPL-signal may be prescrved for later readout procedures. Also showa
S on the same set afuu,»._a’fcemptmuury ﬂmcﬁon ofthc resinant RPL- agml iz, the

relatm bimhmg dﬁmcy The blm:hmz dﬁmnq is taken 1o e

(100 - RPL pouuped} %

€76 RPLossem it the normalized recunant RPL-signal. This result, depicted by the i

' ._an;!eum the ﬁmu in meny 1 el sumhrtathebkscbmmaorﬁ;mu
i pnrucuhr 4 rehtmly m'i; murmon m the bichck ;u emc:ency is nbmwd. A mn- o
ilay interpretation may :hmfou apply tc the biaacim; mpam of ﬁtm 3 14 con-
| '_oermn: the effective path 2enxth of the muum kgn:mzhedsamondc-ymi. L

"

I
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&4thmians TR

- !thubeens&m:handu&mdeapWMMMtammanofﬂm |

'aymhmc dumond m‘yml. such crymh demonsirate - chmcmnm mhophmo—

fuminescence responses. These responses mciude a time response with opucﬂ exmmon,

_'mmnedpoﬁ-a‘n&uoﬁ,mmxmtmththefmofop&ﬂbmmmmam o
by mmohw 1'he ndxophcmlumcscmcn wtudy of the dinmond crysials

~ post-¥ irradiation ai‘ _,mmled m enhmced !ugh dow dmmnc response. Compared

10 the 10 Gy mumm measurable doee achmrahie by the thermoimnesm tech

'mque, as oppowd o 20 I:Gy admuble by the mdwphotolmm teclmiqm, s |

| vast mprormx in the dammc clpuhuht; af the tachque can be cliimed for dou
. msmmenu m this run;e . '

—_
C e I

i

&



: o chmmmmc thcmolwmnasceme spectrs was tmtmed in Chapter S. Thu. study yweidad

m*mu Y S
‘ 'mcmim . e \'{} o
. .. . X‘. \:\ o

: 91 Smmry ai‘ Conc!mm _ -
This study hre highlighted some of the sohd state properties of the synthetic TLD
d:amund wh:ch makc thm crystals mmble !‘or apphcat:on as domnctcrs in uitramolct -
N k § and n ndistion ﬁelds. Much of zhc mmch cﬂ‘on was. devotod 10 properties rehung_ |
) to :he phosphoremce decxy spectra a:-d the charmemuc opt:ca! excmtmn Wa_. |
'of these crysu!s oo |
The i mvemgauon of the sohd stxte duumetnc propcruu of dmmond m«suls havmg _.

™

:accume and connmm. uiuea for etnpuual param'rs such as t@ ,thermal activation B

c ~ energy, ‘with the associnted frequency factor and kmq;uc order parameter f«m :hc Fe-froe

- .ar.uymandgmcmordexfhhcumanﬁysumfoundtod:ffermmmdcmdthuﬁﬁ'

synthetic diamond crymis. 'i‘he emmate: of tlie actmt-on energy dm\red by initial rise | : |

ke

d:ffm:wes m ascnbed to the cocurrence of ] thzrmai q* a:chmr provess.

The r*salunon of the composzta glow spmrmn of the Ta..D diamond was sccom- ‘

Ny phshed in Chaptcr 6, taking cogaizance of the mxlys:s of Chapter &. The principal ro-

'5:, .
£

} | _ml:t of t!m malym concern the m!mve dcnnry of mtes for l!mmny sthmzhted )
procesies. Thmm! actmuon energies m:gmg in value ﬁ-qm 0.5 t2.1.} ev wege dmved_ '
by the technique ofsencrtl order curve ﬁttzng. The density of the states imrm; uuc'z"

m‘..uuan energies ms t‘aund 1o fol!ow an exponmum dopendence i in the rmgv. of vnlue: _

 from 0.7 to L5 6V, !mm!ﬁaenmlym;md.mken.mnﬂmdﬂwmohm "

quenchmgﬁimcham for actmimn energios greater tb,m 1.2 cV for these crystals,

“Thete estimates wers used in the cumpamon of opuc:! and tharm&;cuutm mames. o
- Resulx wh:ch further corroborate r.hoaa abtamed in "'lupm & refer to the
_ :sotheml dmy spectra msured at cle‘med tmt!m Thm mnmmentr,?



w‘“ch probe zhe Jecombination h:netm or the mwm&dme charse trappmg states and

are the subgeet of Chnpter 7. xh::m that the :heom: forn: of tlme specir; viz. pro-

pamona’ to -, is cqpustmt with der.w from a dumbutmn of fevels. Also imludad in
this section is the studv af :he kmeuc pmmetm ducnbmg the dccw of %umme' senoe

from shatlow trsppmg stares which ars . amly unmblc at ambmt tempemms The
' wel!-defined exponenml-type dec*y in con:a.n( ion g.mh the favourablc temperalmz dc-

pendence of thc:e kmcnc pammu:rs suggested a dos:memc up; wation for t‘lese cry«- :

tals in the phaaphoremncc made

“An m-dcpth study of these d:anmnd under opm.a‘ :xcmunn un&emken in {."'umer

8 y:eldedmults whxch suggested the mn"ahty subsaquentlv mnployed in the radxopham- o

| ilmunescence study. Impamrt mults of th:s sccum mc!udc the dmmunmon of the

- cpucal blear:hmg spccmt as & function of rad. fion mvelensth which ahmr that the

- therma!ly accessible charae trappma states can be. depopuh;ed by hght inthe Lv-mxbie o
ge An mtcrprmnon of zhe phyncai process of optical hlmcluna has also been pro-

vided in the dttctmnauon of zhe blesching .esponse asa functmn of :Hummmn eX-

| pusnre at 375 nm. The meoretxcnl form descnhmg the mcnmblmtzon of charge carriers,

-prcvxgusly hbcmed by apnca! m,..ms. !ocnlly at lummes:eme centres (a8 iz the case in :

ﬁ:st order pmmm} was de:nomtmcd to be ‘qualitatively mmm' to the musured re-

sponse 'I'he establuhm:nt of phototmsfmce of charge to them::.-ly lﬂ:cl!lbk churge

: trnppmg smes in these dmnand pmvrded 2 ﬁmher mean: uf probmg the pwpemes o“ -

- rsﬂmwn dose, waAS achisved whea an :xcmtwn mve!(rjgth of 296 nm was used. This |
motwmd a2 demled .-.r.xdy of these deep charge ttlppmg sy by the' =
ruclophotoluﬂnnesm?: techmque Am:llnr} to this part of the study is the ratio ut' -

* B! Fawne Whith w;;i dmrmmea o be 1.5, Ttns supporml r.ixs postu!a te that these gl

~ amend crysals flll@tt: the clnss orSw:ca-type phmhors v

N |
1"

N
T
T

i

'_ decper. themul!y mcccmble chnrge mppm: m‘-.-s Ainear Mpcnu d&scnbms charge_

"

- covriers trmsfemd npucaﬂy and measured by thermalmmnemm:c &8s & ﬁmcuon of 5 B
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'l'h. main muit of {.hnpw 8 r_elates to the don mponae of .h: vynnma: dumond _'
. crvsal ‘o mhatzon dcse' whn the readout was cﬂ"ected by optical  mecas. ‘I'he'

-zadaophomlumwmce dou mpom measurement anden'iken «t n excitation mw— .

lcngth{fmnmcxmmgampomctc ¥ and 8 dose whtch uhmatm thc doscn,uge
tess than m G* and is mmhr to the whermotuminescence dose response. T*se rndmphow

312 inescence dase rcsp:msc obtained when opif !mmumwn ar 296 nm was eﬂ‘ected

sh:wed 8 marked enhancernent in she maximum d0s3 measurable. In this rode. § radic

zEic c-‘..b_scs up to 20 kGy were Enearly measured. The illuminaticn bleaching response

of he-e cha e apping states also displayed & dependencs on the r_adiarit exposure,

m;es at 37§ am, thcrcrerc suggesting 4 :.umhr meghamsm for ootical cxcitation and

mbseque: A radsamc rccombmaunn. _

‘2 ideas fer Fm Reum& |
| !nvesugmom mmxted for ‘the fulﬁlnnnt of thas d.mmuu\ gnd which Appur |
promising for future research include ﬂ'se ﬁevzlopmms of & dmm “tric systern based on

_the udxopnosphc rescent pmpcmeﬁ o the iynthmw diamend. Such a symm quld in-

COIPOTRIE &' small dumond Lrystal attached to & thin optmi ﬁbm for measurement of

' sad-ation ficlds in site and i vive. The luminescence from thc diamoni can be either .
meawwd Girectly or -stomi for u.bsequm computmumi m!ym |

Thc comps anon of the m ssurement of the absolute mpcnsc ?l‘ the dumuﬂd crysta!' |

undsr ultravivlet cxpusure 0 wueiengths shemr than 250 w could suggest useﬁﬂ
¢

ficlds o!‘ spplication. This latter mentioned sspect is pmmbeu by the paxitaum abso- . |

e exposure wlich reslts in m{J{umn of the zhm.nlw azcm;bte c!mrxe Lapping

posures of *hese crvmls. m:‘m to the use o’ the. phommn srence phenc whon. By' '

‘which was ve: similsr to those ﬁhdcmkén' for t&mm accessible charge trapping o

' states. 3 posnbk* featur v.h:cn could be 2 silised to cmcnd the mise of d’mm-'mc e

priniing the duim_ond» cr}stl! with 2 large 1 pre-exposute dose and subsequencly erpty-

ing the thcrméily acressible a;m twapping siates by a norral _thﬂmolmﬁmmcc'

y o . e

B
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o mdout, thu mm; acmmt«i daep r:huge mppua mm couid be wtilissd for

. dosimetry. Wmfmmtmmmmmnvmmm

;_Mhmwwmwm«mw#mmmm“r
thmmlly :mblech:rscmmngmm Suchlmmmnt wouldbebaudonthe
' ﬁulmponudmndbymmof&mmﬂmemﬁumemmm
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o

curve, aﬁer Horowitz of al. (!986). sre ;mm by-

Zd,cxpih-ﬁ’{xg-x,) exp(mx, ) = Za,, ~ .0

7:.(:. - znpmx.-.romr' o .2

o &ul .

[} - : \Ii_

Zaaﬂ'tcxpm'(x, xo» ur‘ o .y
Kwl i
- ,,.'..--‘g.r:,,. is‘the_residm_! s

Ailzhcvmchleuhculmlsdnﬁmd-nﬁutextof(?hnp«rs ﬁmdeﬁmamchhm
hnmeqmuommﬁuntmmm vix. I.Wmdn.whthbem.‘dbythe .

- Levenburg-Marquards algorithm, given the data et (x: V). -
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