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Abstract: 

Two types of thennoluminescence properties and kinetic trapping parameters of LiF:Mg,Cu,Na, 

Si thennoluminescence with difference production have been studied. LiF based were doped with the fixed 

concentration ofMg 0.2 mole%, Cu 0.05 mole% and Si 0.9 mole%, were obtained by Melting methoo (denoted 

as PMCS), single crystal form LiF based were doped with the fixed concentration of Mg 0.2 mole%, Cu 0.05 

mole%, and vary with different Si and Na concentrations range from 0.00 to 2.00 mole% and 0.00-0.50 mole% 

respectively were obtained by Bridgeman methoo , the poly crystals and single crystals were confIrmed with 

power X-ray diffraction (XRD) techniques. Two types of difference TID have been shown similarity of 1L 

glow curve structure but the main glow peak of single crystal are lower than poly crystal, they are show good 

linearity from dose response 0.10 to 3 mGy. The single crystal TID(SMCS) sensitivity is higher than PMCS 

TID 1.3 times, and the sensitivity increase with the increasing ofSi concentration. The residual signal of single 

crystal TID are significantly lower than PMCS TID. The glow curve structure and sensitivity of single crystal 

TID remain stable when 5 cycles reuses but not stable in polycrystal TID. Two types of TID did not exhibit 

any significant reduction in the response with increasing heating rate in the range from 1 to 20 °C Is. The glow 

curve structure gave the main dosimetric glow peak and the main dosimetric peak temperature(T.) increase 

with the increasing of heating rate according to the Randall and Wilkins mooel, the peak temperature of the 

glow peaks change with the heating rate are indicated as the first order of kinetics. The results of trapping 

parameters determined by the heating rate methOO E and s are 0.744 eVand 1.481x10
6 

sec -I for PMCS TID 

and 1.665 eVand 5.882xlO
15 

sec -I for SMCS TID and the increasing of Si concentration, the E and s are 

decrease. 

Keyword: LiF; Thennoluminescence; Kinetic trapping parameter; Bridgeman 
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1lf~tllllli'U9Iiftl'lf'Utl'U l'Wn~;~fflrJ'U~~~lltl~'lin1'U 'linff 'linfl~'U ,,~J'U;~'ftnlflhfln'U 
fln l,n~i'Utll::ltlft'~'rillf"rl~~lIn fl11 14')1 O~~ lOU U1tflOfJlilnftl6tl11 IAEA ( International 

Atomic Energy Agency) III l'Ufl1'.itiTH'U"lll9t'j!1'Ufl111ltlntl"tlnl'Uflnntl~tl'U;~ff (Basic 

Safety Standards for Radiation Protection) 1"fJ9"Wll'"'hlltltJtl~flfl1'jtl'U lUb1ftfl (World Health 

Organization: WHO). International Labour Organization (ILO) un:: The OEeD Nuclear Energy 
JI .." t 

Agency (NEA) 1l1911!1'Ul1fnlll'ftlh'tllfri'11nfl ,-ntl1,ru'Ul,l'Ufl111ltlfttl"tlfllln::flnntl~n'U 

; ~ff fitll~llf..rl~ftl'U;~fflln~tll::"J'1"J''U..t1'tI 
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ihnpj'U th~I'rIffhlrJurI1.1gUii-31'U~I~rrl,r8'Ul'U1-3 «8Qth:::mw 13,000 tt'U 1Jtttta 

nn;,d'vf1'Utl'lllJt;'lJttlfJ-3tt'lllJ1.1afJ"nfJil'1'U1-3«vf'lfJmlftl'lUn8'U'fl'U1I'lw~1.1g'U"i-31'UlfJ-3U 
1~"'U1-3«fJQ''UIflWcr1~1.1a8"nfJ 119t1Jttttann;,~u1fJmn~'~ 'wfi''U1-3«'tIW:::1.1g'U"ii-3 1'U~lfilmgfJ-3 

" 'li'ff 1'tf'U tl11U'Utl'U',r "'~fJr!1.1gUii-31'Un1fJmYtil''lfJ1-3«1'U-31'U~ftn1lftllllJ 1ltta1tl11.1l:::Ifl'rlU 

lfJ-3''''ltt~fJ~i'''1~«1.1l:::dul11Jtttta9l"i'llitsi'''1~tl'U1~«~,vf1'U'tIW~1.1ijUii-31'U 1"fJl~"'U'tIfJ-3 
1-3«~'vf1m):::lfJ~ 'liIfl'Ul"nftiift (Dose Limit) [2] nat [3] ~ri'llf'U"l"fJ ICRP ri1lf1'Ultt~tHi'" 
1-3«1.1 1~ d11J tttta~tlfJ~1~ «lIa:atti fJ~iifJU Yt'rl Uft llJ~'rIfJ1"lnftlft u II Yt'rlU1fl'U1 ftUU ri 

rI1.1ijUii-31'U~I~fn,rfJ-3tl'U1-3«U 2 1.1l:::Ifl'rl ft811'U'U1Yftft'UwnlJ (Film Badge) ua~u'U'U1"'ftft'U 
1'rI811lJQiil'UnICit'Uft1"niitftfJl (TLD Badge) mli'ftvf1fJWnlJtfl'Untri1~1"'fl'UlJ11f1'Ul'la1'U1'U 

1~8-391ftij l1tt1\]ft U9tij,rfJ d1fl"1'U ff1'U1.1l::: n'rli mYt ft 11i'" iI,~u'U'-31~ lJij ft 111.1f'Ul~'U'U ft 11 

1fl'U1ft111ftoijmnh TLD Badge lJ11fl'U1mlliifJ-391tlij1.1l:::n'rlimYt~tl':hft111Y Film Badge 

!l9tn-3ij,rfJd 1 tl"9I1-3~t1l1fJa~ijl1tt1I1Yt.:llii fJ-3 91tln.:ll8~U1,4191tl9t1-31.1'.it''rI" Itnft-3"-3 mYt~ 1.1 

mYt~ t.l i'lfJbl-3I1~'Ui',,1.:1«t1Ufm~ (TLD Card) ~.:I1.1'.i:ml'Uvf'lfJ,ifftt1118a~ 41ifft ~FfUtlfJd'U'U 
II~'U lalf:::~ij'U111~'rIlla:::lln",;j9lft'Ui',,1.:1«t1U8a~ (TLD Badge) ~-3ijftm:lw:::lfI'U 
m;8.:11YtftllJfJlrillfl'U'U';i'.i ~t1UfJa~ml"8dmfJ1'U ~Nftft1'Ut;,;jYtlW~d91ft9tl.:11.1 '.i :::1'rI" 

141 

http:ff1'U1.1l


9 

,r.:a,rUIIU1t11.:afl11110'iJfU'H1,r.:amil'JtlOfl11ti11inlln:;i'.UTrO'~ltlOnlJ~UIUO'I'1fU~ 

l~oti1lJ1t1~lltlU fl11UlI'.r1fl1fl91Htl1:;ltlW \11flfl11ftfl1nl'fU'holinlJyhl 00 h~ (LiP) 'U 

n 1lJ'tf1~ 'lin.,tuO'lJmi;\ \1:; U1lJ1 , ~lrJUi1i~i'.:aiY'~,:;lo.:aullJ1 i ~tl1,rlft~.,tU O'lJ mi,"IWlI~U 
fIlfJ 'UO::~OlJ tlOlriO 'ffi'tl1'ta.:a.:a1U\11fli' .:a iYIIK1 9:;lft~O'fll1:;~.:aIO'On1~U'UO:;~OlJ i ~tI;\1'ta.:a.:a1U 
o .. d. "'~ 41 ~ d. 41': d. ... ~ "'" l.\11U1U'HUn:;QflIfltJ rJ IUFmfllln:;IlJUflU IfltlO rn.:atn11 "ftflU 9:;Ifl tJ1't n.:a.:a1U U U n\1Ufl1:;tI.:a 

'~i'tl1'ta.:a.:a1Ufl11lJ~OU;\I'HUl:;O'lJmUltU'Hi1.:a 9.:a \1:;ft1n1't a~.:a1UJUOOflUl'Uatlll0'~O"h.:aun:; 

d. .... .l ...... 41 ~ 41"'~ '" .. ..;i~ :JI':' ~ O:;~ OlJ fl \1:; flntl UO'tllU :;1'tU! 1U ~ .:a1~lJ un nfl"n flnll; nlJ," \100 I 1~ tI ~tlll rt 1U1 11lJU 

~.: 1"~ "'''''''~i JY0Thermoluminescence Dosimeter (TLD) tI.:aUI1't'.il:;O'1lJUtlU1lJ1 'tfllJU'H11~HO' ~n01"fl 

'Haflfll1;\mUltuIIO'.:a;\tlriOflOOfllJ1'lfliiIlOn~\1:;Utl'.iFrU i~fl~1.:aotJmlJ1tU i'.:a iY;\iiuon~'~i'tI 
" 0':;0'11'1' 1'ta~~lU'ultl'UO~UO'~O"h~il O'1lJl'.itli~'~~1n'HnO~tl1tjtUIliH (Photomultiplier Tube) 

41 " ,.l" , _I "'~ 0 ...... '" ~ ~ 'lfl fll1 ft'fl1l1'U OJ.!n UItIO~~U1'ttl 11'Ht'l1 nlJ1 :;ltlW l"tI1flU1 'flUn::1'tWlU 1t1110n~ . 
.. • , r At A' ~ ... .. . 

'tfU~~l~ '1 00fllJ10fl1.:a~0IUO.:a'Hn1fl'tSU~ l'tSU LiP : Mg, Tl LiP: Mg, en. P LiP : Mg, Cll, Na, Sl 

i ~fll \11't1::0 OHt1.:alitO 'liu1UlJ1ih~nmilJufl1i fl 'uti1:;ltlWI fll'Hn '~n.:aiiilJl'i'Nn.:a1UiiIlOft~ 
... ..;'" ... ~ ... ~ -.I "'.. , " ... ... 1 ,~ ~ ~ _I _I ..

'tfU~tI 'tfft'11'HnflllJUftlTifllJ"tJ08 11~11H:; 'tfft'UI98'fU~ 'HlJIlJUlIlJflUI'1fnlJ ft8lJIlJ81 lin:: 

~nflou i~fl'rnfll11~lnlJlltltJ.ul~8l (Sintering method) Uft::1i'Hft8lJ;\~tu'HQUU.:a (Melting 

.. ~ - ~ ..;"'~ 41 i ~ ,... ~ ... 1 ,.:~" ~ ,~
method) '1f.:allJU1Tifll11~1fllJtI I"Nftfl 1'tft (Poly Crystal) 1'U11'ttl11t1118ft~'WU~ 'HlJUlJ'U8~fl11t1 

118ft~;\n~8t11.:afll'.ithh TLD-lOO (IrJuiiIl8n~'fU~olinlJ,"g80''.it\;\1'8~1nlllJflUI.nlJU ft::'tI 

tl1lUfllJ) U.:a 55 Itil [5] lin:; [6] lit8ti1fll1u8UUnff1fJ1t1ftUftlltJtJ Dual-Step Thermal treatment 

1'ttll1"fUfU1tullft'.:a;\tlri8n88fllJ1n~ll1'HU.:aWfl'Hafl;\t!tU'HfJutl1::UltU 250 8.:aW1I'1ftl.tJft' lin:: 

lit8ul'rhI8n~'tlII8Uilft~1flt!tu'HfJii 260 O.:aft'WWftl;tJft' IrJUI'Jn1 10 u1iiri8UflUti1lJ1'~.:a1U 
1'ttJl1.,Wft'lJU9Ift11lJlrJUltl8nlJgiilu ft'1'IU~lIn:: i ft1.:a ft'~1.:a i flnllftl '",Ultl~fJUII tlMU1fQ fl 

U1lJ1'~.:a1uci1 '1 [7] 

\11fl,r8J.!n,r.:aflril'JiiIlOft~'fU~1l9.:aiift11lJU1ft'U1,;\,::tillJ1ti11inllft::i'WlU 1918i ~ tJ 

'~ltlftU flfll1 1~1 fllJ;\91 H 91fl mllJ1ifl 'utl1:;ltlWIfll'Hn fl8 flU 1~1 tJlJiiIl8n~~1tJltlflUfttJ'i~' 
IIlJU [17] [18] [19] [20] [21] lin:: [22] ~.:a,pitJft1~'Hi.:al1\1:;'~~tUft'lJmi;\U~fl911nlm~lJ tf.:all 

lrl8.:a\11fl1rJUltlflUft;\i~iflHft'~l.:a unit cell 'U8.:aOlltJlJ'"tJ88 h.l,,rlrJU'.i::lijtJtllJ1flt1.:a~U c;n:; 

ri.:a Nft918fll1 lfl~8U;\'U8.:atiIgfl~18U fIltJ'U 8::~8lJU ft:;~W ft'lJtl1ifl11lJlrJU'tI 8nlJtJU1U ft'1'1fU~ 
1~8,,n~,r8\tn'Ufll1i'WlUl'ft10.:ai~i'.:aiYtI'.i::\iliTlIftftn918'tI 
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CLI -.1 J CIl,U

1.2 It'1Qu1=f.T~.VU8~0111'n 

1.2.1 ftmn111fll1lJ«lJ11'U f'lJtl~ilUtl1i\l1tlJ1::i1'lJi\f1::"rhHll'stl~tJ'U1flHi1'~l-3N~fl 
'lJtl-3i1'nniitJlJ-ntltltl'liil' (LiP) i\litll';Wi1'11Iitl Mg, eu. Na, Si l1fij1flHi1'~1~lfl'UH~flIi~l~tJl 

~ 1 'j/ ~ 'j/ ... J' ... ... <I 
1.2.2 ft'fl');J 1 flHi1'n~Nftfl"ltJlflfl'Uflfl11IntJll1J'UHi1'ltlflClS 

1.2.3 ftfl');J 111ft::fI " i1'tlUf! W i1'lJmlfll1lJlfI'U IfltlnlJ tlih'U i1'IClSWI9\ llJthlJ19\1!l'Ui\,1 
fll11'U" , 1l'U IEC (International Electrotechnical Commission) 1066 International Standard 

"Thermoluminescence dosimetry systems for personal and environmental monitoring". 1"fJ . .. 
f! Wi1'lJu"i-fl f1::fI" i1'tluij i'l-3fi tl , tIil 


1 ) Nft'lJtl~..ii,,"ft::1RlJ1Wi1'11Iitli\ijfitlfll1lJ'1l'U O1l9\tlU i1''U tl~fitll-3U 

~ AI 44 t d GIl G.I d ~ .. 

2) Nft'lJtl-3 'tf'U"I1ft::m lJ1W i1'11IfI tlfllJ9\tlfll1lJftfl'lJ tl ~11qlJflU" flfli1'11~'lJ'U 

3 ) Nft'lJtl-31'ttl-3nU'lJtl~fl~'U mjl11gfl , -nthi\ijfi tlfl11lJ'1 l'U01H'ItlUi1''Utl-3fitll ~U 

4) O1lfll~111tJ'U'lJtl~«iUiUl'UlI i1'~~uritltJtltlfllJ1f11flmlJ1WUi1'~ 
5) Nft'lJtl~011 l,r~l'U',hi\ijfitlf!W i1'lJU"ifll1lJlfI'U-flUtlft~ 

1.2.4 tl1'U lW111th1'tlni'jl9\tl{OUi'lfl1'ttl~~1'UflftU'lJtl~N~fl-fllltlft~i\19\1 fJlJ '11" fJ1,r 

Iflfliiflfl11IU~tJ'UIIUft-389\nfl11'1ffll1lJ~tl'U (Heating Rate Method) Ilft::1';hhUflllJ Computer 

Glow Curve Deconvolution (CGCD) 

1.2.5 111th effective atomic number IIft::parameter fil~'li\«lJ11'Ufo'U l"tJl,rlflfliiflflH 

iillflfttJ{I1.BtJUI-fltJUOU0111fIU1UflllJ XCOM 

d ... f! 4 l. Q,I ~ .q .d 0 t 1'" ... <I
1.2.6 ft'fl');Jll1ft::luH'1JIflfJUNft011fl"fttl~fI.:I11lJ"flUfI IItlft "flfll11'UlfJ 'Ul'tf.:l1'tlW'tftJ 

'IItl~fi1.:1 U1::lflft' 

1.3.1 i1'llJ lHl1::1Ji111UI'll tl.:l fll':i ug flN ~fl~l tJ lflfl ii flll1JUU'i" \llllJ 'U i\ ijNftfi tl 

f!W i1'lJU"ilfltlnlJUUl'U i1'ICIS'Utl'lJ tl.:l-flUtlft~ ..ii"nIitJlJ-ntltl tl , 1 iil'(LiF)i\1 itl~ltJ i1'11litl IIlJ fl illCitJlJ 

fltlUIUtl{ 1.I~tJlJ oinfltl'U 
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1.3.4 t11'.ilfuJU1rilu"nnYl'.il'1S1fl1n::itJ'lS19i II n::'.i::itJu 1U1'1S19iOOH-UOO 2 

tJ'rItl11'llliO 
4\; 4\; Q"I 0 

1.3.5 01!tY'rI1itJ~'.i 1 tl1'110 

.c:t' d. 4\;Q,I'" 1 .".01.3.6 'll'KU10-31U'rIU1Nnt11'.i1\W tJ1'1S1.h:: O'ISU 

~ " l'1.4 'UOtJlWlfl11ftfl'Yltlutln 

AQI ;X ~..t 4 .c:t .ct ~ 4 A ~..::::I , ."

-31U1\UIUI1JUfl1'.ififfl1l1fl'.i::tJ1Ufl1'.iI~'.iO'll'rlllOn'UltJtJNnfllftn'lSuj)n!1iO'll"'QO0 '.itt: 

lI'llflUl~I'J'll tlOtJltJO! l'lfI~O'll CiaflOU 1ttm9i'll'tY1'.i190U'llflUl;'O'll tlOtJltJO! 1qJl~0'll CiOflOU 1ttO 

'll'rltliltlfl1'.i'Kno'll~~w'KfJihl~ [14] un:: [15] un::lltJtJHftflli-3l~fJ1iif1111'r1tliltltJltt~ll'llU un:: 

«fl1l1'lWtY'llml'U0-3i'tY~I'rIOn'llQihutYlqJu9i'un::Hn'll0-3fl1'.iI9i'lltY1'.i19011'llflUI;'II'll tlOtJltJO! ~ 
-~ " "..;: ..;:, '" 1.1'" ." 1.1 ." d." .....dlJ'.i'lllWtl11'll1'll'll'llU'rItH'rII'rI1fltJ 0.2 'llnllJO'.il'lfU9I un:: 0.05 'llntlJO'.il'lfU9I 911'lln1tttJ [17] [18] 

[19] [20] un:: [21] IIn::'ri1fll'.iltJgouill'lllWtY1'.i1901'lfI~O'll i-3I1" 0-0.50 l'llnltJo!l~u9i' 
• I"; .1 _~ ...... l" 4 1.1 ." d ."
IlJnIlUlIlJn-3lJ'.i'lllW'lfnflOU9I-3U9I 0.00 iH 2.00 'llntlJO'.il'lfU~ 
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'"'1J't'I't'I2 

_I <I'"
2.1.1 U11fl{lfl11W"nHUft'~ 

_ I <I 4 'I 4.1/ '" 0 ild. 4 r.",.I,
U11fl{)fll'Hlm fJ~utH ~ 'Ull 'U 1'U'H1fJff11m~1'U l\l ::::'fl~'\l 'U ~fl~fJUH)ff11 'U'U 

'~i'1J'Vfti~~ 1'U 'il1flfllU'UfJflnfJ'U , 'U ~d '\l fJflri110~'VftiH1'U 'il1fli'~ ff ~.:J\l fltl~ fl~'U1J1~ ff1'U UI:1:: 

• I 4 A 141 ~;QJ Q.I 

1J1.:J ff1'U g fltJ I:1fJUfJfJflll 111fl1111U11fl 1:1'U 11 1flfl11L~1I ~U fl1111 fJ.:JHff.:J 'U'U 'il ::1fl~'\l'U'H IN 'il1fl fl11 

4 '" ,_ I iI .It '" .....,if I .It 'I iI:l1 
tl~fll:1'U'VfI:1.:J.:J1'U uUI:11'::::U::111:11'H'U.:J"um1n1~.:Jfln11'U11 Characteristic time ('t ) C)f.:J ~'If'u'Uc 

i1fJ'U''\l''Ufl11~~u1i.:JtJnfl{)fl11Wi;fJ~Uff~fJ6mrJ'U'lfij~~1~'' i~~6 'tJdfi601 'tc < 10"8 1'U1Vi 

'" <I 4 .J... .I ,l f <I 1 _I ",l
L,UfltJ,1fl{) fl11W fl11 11 fJ~U ff .:J'VI'fl~'\l'U'U 11vJ\l6fJl1fflC)f'U~ (Fluorescence) ~Uunfl{)fl11W'U 'il:::: 

q .l .Jet, Q,I " f t I"''' 4, :l'. d.oQ .at 
1fl~'\l 'U '\lW::'VI1I'VfI:1H1'U 'il1fl fIlU'U 6 fl1Jlm ::/fj'Un'l1'U'U fll:111fl 6111 611 fl11 fl1::19J'U fl 'il::'fl~fl11 11 fJ.:I 

Uff.:lfi'UVi1m:~a~6'H~~fl11m::~'U~'il::'H~~fl11L~6~Uff~fi'UViu~Ol 'tc >10"8 1'U 1Vi ~Um.h1fl{)fl11W 
,if • " .It 4 ,11'" iI.... I'U11vJ6ffvJ611 fflC)f'U ~ (Phosphorescence) C)f~111fJ i'111J fl11 m::1fj 'U 'il1fl'Vf1:1.:1.:J1'UfIlU'UfJfl'il::fl6U., 

~ 4 '4.4 f 4A 4 d.lt .1 " d Q,I .ell 

1fl~ fl11L 1 6~U ff.:l fl 6'U 'VI 'il::(W)j'1~'VIlIfl11116~Uff .:111 1fl'VI t.1~LlI6ff'U t.1fI fl11 m ::::/fj'U fl U~ fl.:lllUff .:J6fJfl1Jl 

"... ,l" <I '" 
U1:1:::: l:1~n.:lu1J 1J LV flC)f1 tJ L'U 'U''lfUI:1 (exponential) 'U 6 fl'il1fl 'U tJ 11 fl{) fl1 HU vJ 6ffvJ 6'1 ff 'C)f'U~ U.:I 

II :II ... iI "'... .1/ .... -4"' ... 
ff1111HlU1J~U6UfJ6mu'U 2 'If'U~~1Ufl'U fl6 short-period C)f.:JlIfl1 'tc < 10 1'U 1'V1 UI:1:: long-period 

'il::::ij'll 'tc > 10-4 1 'U1Vi ff1'Hi'1J long-period 01~1~l1n1'\l6~ 'tc ijti16g''U~1.:1~,rJ'U'U1Vi'tJ'il'UO.:l 
9"'... <14 ,l." '" <I

4.6xlO tl111'il::::l1UfltJnfl{)fl11W116.:1Uff.:lU1J1J'U11 n'l61111\1l1''Uff'C)f'U~ (thermoluminescence, 

.1/ _ I "... "1 '" <I 11)'''' 4 .J iITL) C)f~U l1fl{)fl11Wfl1111 6~U ff~U1Jm'VI61 11 \I 111'U ff1C)f'U ~ 'il:::: LlI1Jfl1111 6.:1Uff.:l '\lW::::'VIg flm::::Ifj'U 

4.1 iI I 'iI.... 01 iI.J f..!l"'i o'lil'" 4 
'H1 6ff'U t.1~fl11m::::Ifj'U 'il'U fl11'il:::: ~11J'Vfn.:l.:l1'Uf1111116'U 'fIL'H1I1::::ffllfl1'H'U .:I'il.:l'il:: 'YIl Lmfl~fl11116.:J 

.I.It ;:: ... ". iI 4 .............. :11 " 

11ff.:I'\l'U C)f.:Ifl1111(;111'Vf'Uli1::::'H11.:1fl11111'\l1l'\l6.:1fl1111 ~H '1ff.:Ifl1J f,}W 'H tJlI 'il::::1J1:1 fllJW::::lu'UU1J1J1fJflC)f 

l'lh'U'UL;UI:1 ..., .., ,.1 tI<;... " 
2.1.2 'H"flfl11'f11 u'U8~''fI81 nJgSJI'Uft'ICJf'UA 

- I "... "1'" <Iul1fl{)fl11Wfl11L1fJ.:IUff.:lU1J1JL'VIfJ1 lI\1111'UfflC)f'U~ (Thermoluminescence, TL) 

f.1 <I 4 4 .J 4 "'i II) iI... iI QI 

'il::::~H'il1flun fl{) fl11W fl11 116.:1 lL ff.:llL 'IJ'IJ 6'U ., ~H'VIL1I6Nl:1fl L~11Jfl11fl1:::: 1fj'U'il1fl'VfI:1.:1.:J1'U 

fIlU'U6fl L~'U i'.:IffN~fl1J::::ijfl11 nm~'IJ'Vfti.:J.:I1'U'1i'UN~fl1f1U~'lf1~1::::U::l1m~'on'Ufl11nm~'IJ'il:::: 
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" ,,: <I ... cO !Ii <II ,,: ~I '!'II ' !Ii "... " J!": <II
tlg 1-U1~1'Y11UU1U1'Y1 Ltl'ilUt:H.l11~1'Y11uUu'ilUn11'ilg:; L~1t1m·Hl,g:;~U'il1nfl111JltlU'YI,.,tlmlJlg:;'il~ 

• I ' .... ~ ,.I.... ,<:$!Ii 1!1 I....... <II !Ii 2"' ., .. .I! ,,:

'il~u ~tlU"'~~~lUUU6tln1J 1n ulufl~uU1Jm ~n L~Tt1 n~11f1t)l1J6Ntln Lfllt1 HffC)f~1J1n"'6'Y1'ilg:; 

:11 ... <:$ ,,: 11 .I! cO., ~, !Ii. I ' 1 .I,
m~~,p..J t)ltlMl1tlU'YItlg Uffmu~,.,u (ground state) C)f~U,.,tl·H1U~ln11 Lutlffmug: tl~ (exited 

.e9 d dc:l '111 f c! (V ~ d.dl QI 4 ,41 .Q

state) C)f~IUUfff;nUg:'YIU"'M~lUff~n11Utlg: LUlfft:lU' ~~UU6ttln~'tlU'il~,.,tIlU1UntltlflUffffmUg:
~ ~ 

1I.I! ., !Ii:1ld .I!.. "" '...... .I! !'ft ...,.,u C)f~'il~\ln'iltl rJ'YIffmU~m'fft:lU' (metastable state) l'Un11ntlfln (trap) C)f~luUffmU~,.,tl~~lU 

d" 11 1 1 ... , 4 '<II !Ii
'Vl6g1~'H11~ffmU~,"UUtl~ffmU~ ~~ ~Uln~'il1nfl1nJtln""tHi (defect) 'Utl~NtlnM ~Uff1lJl't:l 

m;tl1J1J~ffmu~yfu'~lltl~':uiimltl~6UUff~'il'l..Jn"hUlgfl~ltlU~\lmrtl'~;tlm'm~~u 'YIHfl11U 

~6U~1U,"~~~lUlJln," tl~ 'il ~";1' 'lfUlgfI~'tlU 'H i\!~tltlnlJl'il1nfi'tI~mltl~fIlU'"~~~lU tltlnlJl'Ultl 

.... ,<:$!Ii •. 1 i!1 " ...... 1I,....I!., "1...." 
'Utl~fI tlUUUI'H ~n ~TtTt 1Utl1ntltllJlU~ffmu~,.,u l'lfU'~U C)f~ 'H tlnm,'U 6~1'YI tl, U(lU1U fflC)fU~ 

ff1lJllt:ltl1itl1Ui~~1U'YI(J1:1~1lt:ltl,"~~~lU (energy band) n~nfltl'U1m~ff~HNan'U6~~u1U 
• .:s Q.I '.." o.(msulator) 'il~UUt:ltl'"tl~~lUtlg 2 Ut:ltlfltlUt:ltl111tlU1 (valence band) Utl~Ut:ltlm'U1 (conductton",.1 ....... <:$ I, I
, <:$ -4

band) 1flUUt:ltl11m'I..JC)f 'l..Jffm1g:un~Utlltlfl~ltlUtlgl~U1H'l~6g UffmU~UflUUU (bound state) 

"hUUt:ltlml'hiuffm1~tln~'il~i:Uiiulgfl~16Utl~U;'1f.l u9i~liiulgflmtlufi'il~6~iuffmu~~i:u 
VflUUU (unbound state) Im~utgflm6'I..Jff1lJl'mflg6u~itllJli~tlth~Uffl~,t1Utl~Vi'lf (lattice) 

Utl~,~'H "h~Ut:ltl,"~~~lU.J~ fftl~dtnu~"h~ ~~i:um~ty1~''lfUlgfl~'tlUtl~i~ ,:;tJn~"h~d"hl'U~ 
" . ""'" 1 ,J.. i. I " 4 d:'1 .I!... 0 ...'H1~'H1U (forbidden gap) 'H'tl'lf1~,.,tl~~lU (energy gap) flfJ'YI1 uUtl1Ntln'YIluUff1'm~1U1'H16 

"" ... 1 ... ... , .I i 1 ,,-4 0 i " ..
~U1U'il~Ufl11UNflun~'H'6f1111Jtln""tl~'Uu U flHff'l~Ntln (crystal structure) 'YI1 'H1Jfl111J 

InUi tli~~utgfl~1 tlU 'il~ iil~~1J '"~~~1U'uut:l1J'lftl~1H'U6~Nan 1fwiim, 06 ~1'Utl~' ~~tI"'~~ 
(energy level) ilit'thfi'ui~'H tl1Uflnl1 i 'lfuuni~'Htl1fJ'~~tI~IlUfl111Jan'Utl~,.,ti~~lU (energy 

depth) Utl~':;um:;~1J,.,~~,nud11fi'tlin ~-IIii'H1r1~''l..Jnl1imr1JUlgflmtlU~flnn~1JM1J1'il1n 
o ., ... .I ...".1 ''''.~ ... ........ Q -4 

Ut:ltlmlU1Utl~ml~n'il1J6ttlfl~'VU'il:;lnfl'UU1Jln'H16U6fJ'UU6gn1JlJl1J1W'Utl~n1Jflm,.,'l:;Ntln 

~''lfm1J1WUff~1J1mdv~'il1niim1J1wfi'1J~n1J1n 1f1U~m1J1wfi'tlin'il~~U01Jfl111Jtln,"itl~'Utl-ll 
-4 .I! ... .I i2 ,... i.1 .1 -4 ... 4 1

Ntln C)f~lnfl'UU fI'H(;llUU1Jtltm~U~n~Hn'I..J6tln u~11Jm~tl1Um'u(lnNtlnUtl~m'lnflNtln flU 

1i"1J'lf1~tnUif'il iu~ ff1flty9ivm,fl1'HU fI'lfU fI'Utl ~fl111Jtln,., i tl~'U6~Nan ~~ ff1m~m~ld iiNtl'Vll 

''lf1fll~ff~Hmu'u'U tl~Namfl~mlltl~UUUtltl~ itll'lfU";l''lflflfl'lftH11~'H1tllflflml1tl~fJU 
~hu'H'W~1f1U'lfUfI'U6~fl111Jtln,"i6~Utl~6tlmn'I..J 4 'lfufI~~d fltl 

i ' ".1! :'1 i ' ,,": ... .r
2.2.1 fl111J 1Jff1J\!'WUtltltt1U (Line Defect) tuUfl111J 1Jn1J\!'W'YIlnfl'UU 

td6~'il1nm'tl~Nflnm,"'H16m'tl~N~~'UV~Vg:fl61J.J~UU1'H1tll~Ul1JmU'UNan tlHflf~':;fJn".h 
dislocations ";1''lftflfl'il1nfl111JNfltln~'U6~n1,tllg:nVtl";l''If'flfl ,vu9itl'~'H11-311tlflVi'lf lflfl'il1n 

, ,
4 Q,I' l.q Q #::I Q.I 

n1,t'Htltl1JnU,g:'H1HN1':U11JUtlfl'YI'lf'YI'UU1UnU 
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~ ,. 111 ilQI QI QI !Cd 1 ... 1 oQ.d .Q " 4 cQ r as 
ff'IJ'tI6~6:::~61lUH) ~~~'lJ'YH'I~~1'IJ1l1m~ff ~tJlJn~'Yl~W11fJll116~1l~1l 2 fH 3 Vacancies U~ll::ll 

m1l1w"6~';h<l'tl6<l6~~tlll1l1n~'\.Hrl6~iill~W11fJii uff~~ 'l'lJfI1~~ 2.I-a 
Q ~ 4:..::1 .::I Q t Q fj} til_I

2) Interstitial Defect lf1~'tI'IJ~lltl1l6:::~tlll'Yl~n'IJ1l11l1nn11tJn~!'tI1IlJ 
";, " ... 'l.o!l..li .,; ,., 5'1 ...... 1 l' 

U'Y1'IJ'Y1 'IJ')f6<l11<lU"~'Y11ffl1tJ 'lJN"n C)f~6::~ tlll'Yl~'tI11l1U'Y1~ntl1 'il1lJ'IJ 6~~61l'~(l1n'lJ flHff'J H 

N~m6~ (Self-interstitial atom) 11~tl61mrJ'lJ6~~61l'tl6~'fj1~~'IJ (Interstitial impurity atom) 1~rJ~ 

6~~61l~1,r1' tJ U'Yl'IJ ~J'IJ lI~ii'tl 'IJ 1~ !~nn';h6:::~61l11linu~ 'iI:::ii 'tI'IJ 1~'11 flin'h~';h~J'IJ ~'UrJ'IJ 
ff1!11~'ri1',f6~~61l~tl~'mf!flrJ~\lnti~u"~'ri1',f1f1~ ~ff~1~!n~n1'!i i1~!;f(l1i tJ 'il1m;i1l Uff~~''IJ 

d 
fI1~'Y1 2.I-b . . 

Q 0 d4"
3) Substitutional Defect lf1~1l1nm~'lJ16::~61l'tl6~'fj1~tl'IJ!'tI11l1!!'Y1'IJ'Y1 

"'.o!I., ..Ii ... .,; ,., .,; .,; ,., .,;,l <II • 

'IJ 6::~61l 'IJ flHff~1~N"n11"n C)f~~~ rJntl::;~61l'Y11't111l1U'Yl'IJ 'Y1U"::; 6:::~61l'Y1!'tI111 1U'Y1'IJ 'Y1'IJ rJ<lfl~6~
, '1 
, Q 'JJ ,d 71 4 d, QI 0 '_i1 Q.r:S .:l • " 
'lJU" ~'Y11f fI16:: ~61l'Y1!'tI11l1U'Yl'IJ 'Yl!"n n116::;~ 61111" n'il::; 'Y11 11lf1~m~~~6::;9161l'Y1tl~'tI1 ~~ U,,::; 

... .0!1"' ... ,l '~'1"'.0!1''';Qn6tHI<llf1~m~'lJ~!'lJ(l1U":::fl111l'lJn~~tl<l'tl'IJ 'IJ flHff~1~N"n UmN 'lJfI1~'Y1 2.I-c 1m::; 2.l-d 

4) Frenkel Defect IrJ'IJ~~'lJn~i6<l~!n~'il1nm~ rr1(1~'tI6~ i666'IJ'lJ1n 

.,; '" i-I , ... i ... .,; ..Ii .It '" ,,.,... , • .,; '" 'il1n'Yl!~1l lJII'Ylm6~~11ln'lJ 666'IJ "'lJ!m::;'lJ1n'tl6~tln'Y111'IJ<l C)f<llil'IJ ff11119J'ri1 11 !ntl'lf6~1H'Y1!il'IJ 
_I ... ~ ""l'" ... , .It'. "" ~ .. 111 .,; 0 • 

lJ~::1'lJ1mntl'tl'IJ 11 ~6!~ tJn6ntlrJH11'IJ~11 vacancy-mterstitial pair lf1tl'tl'IJ!1l6 ~66tl'IJ'Yl~1U11'IJ <l 

lIn;jlf1~tl'IJ~illJ~ interstitial site tl~Ufftl~''lJfI1~~ 2.1-e 

5) Schottky Defect !ntl'il1n,f1!1'J'IJ~J~tJ~::1'lJ1ml,,::;tJ~:~"'lJ'IHJtl66n 
o ' '''..... _I 1 ,., ,_~ 5'1 ""l ='1 ... "_I 0 , ,., "" , • 

'il1n~1U11'IJ<l'tlll !~mm:l1lJ~::;~ flHff~H 11!lJ'lJn"H11~6!lJ'lJm~6'limE:llJ~~~ 'Y11 11lf1tl'lf6<l1H 

t '" ~ , .,;
'Y1~'lJ1nH"::;,,mn~'tI'IJ Ufftl<l 'lJfI1~'Y1 2.1-f 
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, ,jL.... 
TXr , " ,. A. ...II.. ..4 ..... 

~ 
~ ~. ,..,. ~ 

.oj:... ~.~> 

(a, (b) (c) 

C,", 
~ ~ 

"­" 
(c)

(eI) 
, 

Illftn 2.1 f111lJ'1irnJ\!~tUU'lJ1J1f)"I1Uf)IPiH 1 (a) vacancy (b) interstitial atom (c) small 

substitutialnal atom (d) large substitutialnal atom (e) Frenkel defect (0 Schottky 

defect 

• 

..I1J1ftYl d + 'I .., 0 '1_~ + d " " 1}!2.2 fl1~U'YI'U'YI cation 2 l'Utl~il1tllJ'I1Clml~'YIlll1 cation 1 'YItl~ flCl'l1i\!f1tltlfVillfl f1Ht'I'dH 

4 "''''0 I .12 , "... , ,.r
LTmtl~~fl'l:llJ~~1UCl~111 'I1!flfl"l1tl-!l1H'IJ'U 

2.1.3 n1J1J;1U'l8~;fB;8fi1JllJfll~&iivUYl84hlgif&'UtnC)f'Udi iffJ ~ ,n18 ~ S! i . .. 
U1J1J il t'I 6~ 6 r.i 1 ~ ~lu;; II ~ 'Vi 1 , lfloN l' II tJ ~ 1 fl{J fll ~ tU;j ,~u flU 1J1J il t'I 6~ 

U01JTHl~~l'U (energy band model) m;'1t;6''UU1J1Jilt'l6~~ih~i1J .... rl'Hl'U~L~fJ1oN6,rtYllJ~~i1J 
11 .., "" "I d .I!... ,..: ... .r "I .c!I.. I 

fl1tJfl'U f)~Ufff)~ 1'Uf11.... 'YI 2.3 t)1~fj'UtJflt'll~ (center) il11~1 'YItflfl'IJ'U l'Uflt'lmflfllllflfl11lJ1Jfl.... ~6~ 

'I1;6fl11lJ '1i1Jl~'YIi'IJ6~flnfl trttlflnfl '~i'1Ji'~fflllmmri~fhu f1f11tJ'U6fl .... rl'~~l'U~flnfl'~i'ml:: 
~ CI I ., Q,I GI Q I Q.I.ct <V .. 0 'I_~A d 

!rJ 'U Eirra t)1~lJfll1J1flfl11"11V~ .... t'I~~1'U (band gap) v'Uil1~mm~~'I111~~ ~fffl1Jflt'lfl'Yl11l16U'1flil1'i6'U 

... ... " ,. 1 " 1 '" I0!rJ 'U6ff'i::lllflUf:l1J11U'1'Ut)1 (valence band) Ut'l1 1J6~ 'UU01Jfl1'i'Ul (conduction band) f1UlJflt'lil11~ 

"" rJ 4 '" "" "" ... o..,.I!0 ....t'I~~l'UL 'U Ec - Ey tlJV Ec Ut'I~ Ey fltl~~f11J.... t'I~~1'U'lJV~Uf:l1Jfl1~'U1Ut'I~Uf:l1JnU'l'Ut)1il11lJt'llf11J t)1~ 

, 0 , ".. 1 .Q cd ,j 0 Q,I d • 4,,Q d 0 .d 
ff~flt'l'YIl 'I1tflfl 8t'16ff~:: (free hole) 'YIUf:l1JnU'l'Ut)1 (t'llf11J'YI 1) Uil111::lJ6U'1flil1'i6'U~1'U1'U'I1'U~il1fl 

"" ,.I.l 1 .., .. .." " .1 ' "" "" '1-~flt'l1.1 1Jfff:l1'U:.... 'U (ground state) f1fJ'YI'U'YI'YI'U fI il11lJf)1tJfl1'i1Jt'l6tJUff-!l'l1~6f:11tu'YI""t'I~~1'U Il1Ut'lil1 

Administrator
Rectangle

Administrator
Oval
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.... ,,.. .. ,.., 4II!l 1 ~d 4. 0 .Ji QldQl QlQd 

'VI"Un~ 'VI 1 H1fl ~fl11lJ ';i V\.I \.I r-l n fl ff1\.1 V t n fl ~ ';i V\.I Vflll 1\.11\.1 H \.I.:I\} flll'U 'VI fl'U~ fl V tnfl~ ';i V\.I 

Trapping state, T (riui'U~ 2) 'Vi~vlJn'Uij1~nflff';i~\}fl\f'U~n'Ufifl1~n Hole traps (H) (rilfi'U~ 7) 

~iL~fl~1V\.IUng; 18nm1l11lJn\.ll~tII:,h\.li!f\.lvflnHfll"1lJ recombination center (C) (rilfi'U~ 4 un~ 
6) \.IvmHilvlIlmlUr'U~ 1 U~16t~flmV\.IU.:lffllJl';iflHtJ~VVfHl1flt!\.IVflnHfll"1lJ (C) 'l1~rJ 
fll1tJcivrJi'.:Iff~ij'Vi~.:I~l\.11Jlflfl11'Vi~.:I~l\.l~U~fl~h.:l';i~H11.:l EcUn~ C (rilfi'U~ 5) Vfh.:lh~~llJU~ 

mllijfll'n1lJnWIIV~6t~fl91HI\.lUn~l~m .,yllJ<]hH';h~Ufl'U'Vi~~~l\.lH1.:1trllJ (Forbiden band gab) ~ 
'" I '" 1 .. d Q QI .k, f' ,
11 rJfl11fll111lJfl\.l ~rJ91H (direct recombination) H ';iVl';irJflVfl\.lrJH\.I.:I11fll';i ff .:Ir-ll\.l ';i~H1HUfl'U 

(band-to-band) U~1J~ij1 Vfllfftn~ ,~,rVrJfl11fll1nlJn\.ll~rJ~vlJ (indirect recombination) ~ 
d t ." • 0' l' .lI..,QI ..11rJmlfll'.iff~'II1lJ'.i~'H1HUfl'Ufl'Ui!f\.lrJflnH (band-to-center) ~mU'Vil~ \.Iffllfl.:l911\.11Un~U\.I1\.1 

l'Vind'ff'J1'l1cildij<JfV.:I1HUfI'U'Vi~~~l\.l flfH fi.:lJ\.Ifll'n1lJn\.lll~lnf)~\.1'~ 18nll~~V.:I\}fl\f'U~ C 

tlV\.I (rilfi'U~ 6) ung;nlJn'UUt~flmv\.Ilf)rJ'II'U1\.1fll'.i annihilation (lhfi'U~ 4) ~~lI~ln~fll';i 

tJn~tJciVmlff.:l 

Elm. 
-rp. ...... - H 

V-band 

.. ~ 1 f , ~d 
Vlnfl~HJ\.IUn~1.:1flnlJfln1~UVI\.I gn \1mn 1,2, 3 4 un~ 5 UVI\.Ifll';iff~r-ll\.lV1nfl~1V\.I 

ff1\.1\1flfl1 6, 7 un~ 8 UVl\.lfll';iff~,.hu l~n 

.. .d I ~ I _I "... "1 ..
11 1flU'U'U 11 lnV.:IVlfln11lJlll~1'l1 \.I111J'.i lfl!lfll1ru fll'U1 V.:IUff.:lU'U'U1V1V1 lJ\1lJ1\.1 ff 

"'" .d ,.. P "'... .d .lI ~ '" ~ ~ 1C)f\.l91lJ m :;'U1\.1fl THfl rJ I'll V.:I ffV ~m ~ 'U 1\.1fllH11rJfl\.lfl Vfl ';i:; 'U 1\.1fll'.i VlH \.I.:I11J\.I fll1 1fl~ l V V V \.I l \.I 

lC)f,r\.l (ionization) un~fll';ififl\f'U61~fl911V\.I (electron trapping) m:;'U1\.1fll'.i~ffV.:Ifivfll1nlJn\.l 

'II~H6,gfl~1V\.In'U 1~nU~1tJcivm1ff.:l 

http:UVl\.lfll';iff~,.hu
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"" '" 	 MI VI <I2.1.4 	tllfitJ'UTt\)OO A'ltil 

~iifJlIvI\lOOi,~ (LiF) ''U1i';i'i1l'l119ihjiif>JWffllU9i~v~'ll1111 1~d~I'Ut111~i'.:jffill 

2 0 1ellA I, Y" .........J, "" .. "" l' 1 ....
V::flO,:jtJl111 ~1J 'Htfl~f>JWffll'lJ91'V'Hfl'l:l'U'UfllfJ 'U0~91011 flfHlIOtVO~l1fJ i'!'H~'lJH'I1'UfI(actlvator) 

...... "" QI'" Y Y.eII iY.eII ... ,1 , "'.,. 1 "" YYQI 
V::ffll1THmff~.:jf>JWffll'lJ91fl1'L'0,:jHff~1fJfl111l'OtJ M ~Ni'!fl'l1'U~tJlIl 'l11f1Hff ~mVO~1fJ 

li'!'H~'l1ii~~H'l t,ttJ LiF:Mg, Ti LiF:Mg, Na LiF:Mg, Cu, PHi'!:: LiF:Cu, Cu, Na, Si t~'U'K'U 

ffl1l1'i iI'lll i 11'~1 'U,:j ltJ 'VIHlll'Ui',:jffi~mJHii11'i~ ff'VI nfll'Vt 1'U 11'fl'l:lW::~U91fl~HtitJOOfl i 11 

td O,:j Vlflf>JW ffll'lJ1iL'il'Vt l~ ~U91 fl~HtitJ'Uo.;jViLtoi'!;)u~i'!:'l1il~ lf1tlf>Jw 11'fl'l:lw:m'Vt l::'Uo.;j~tl tlll 

_.I 	 i"'" ... ,1n\lOO '~lI~,:jtJ 

.. ... _.I IIJ" ....... :'1 OJ QI ,,".,. .. :'1
2.1.4.1 ftL1ifJlIn\lOO 1'i~LLff~.:jf>JWffll'lJ91t1J'U9111~'VIf1L'U0.:jVlm1J'U alkali halide 

""_I Y + "1' +IIJ .lI '''" .. ..'VI1J'i::flO'lJ~1tl cation (M ) LLft~ anion (X) ~fJU91ft~ Li 1000'Uil]f.:jOQ'VIfj'UtlflftH'U0,:j\lfl'lJlflfl v:: 

\lfl~01l'i0'lJ1I1fJ F" iOOO'U~O~'fl~~1.1~ 6 iooo'Utm~'tJ.yh'U0.:jL;)tl1titJ01vytVnWl ill'h F" ii L( 

ioootJ \l1'U1tJ 6 iOOO'U~01l'i0'lJ0~L,t'Uti'Ui.;jUff~.:j'tJfll'Vt~ 2.4 

--- 401 .,., -
~ 1 Y.eII ...... -.I i".lI ~ 	 _I Y

InTtfl 2.4 fI'lTtY'il.:jNftfl'UO,:jftl1ifJlInlJOO 19'1 CJt,:jll.J'UU'lJ'lJ fcc (face center cubic) 1J1::flO'lJ~1tl 

L( Uft: F" 1mw'U 

2.1.4.2 100m-l ~o~;~ti'U'UO.:j~LlfJlIvllJoo h~v:iitilfl.:j~Uft91Vi'l1 (lattice 
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a ' ''' lIJ 'J/ ....... 'J/': "" .d... J

lJ 6~!'HU U" ~hJ "If1 ,HI "~'J 1 ~ 11m"~ (UV) ~ 1t1f1 W fflJ1J ~ 'U6 U fll'J 1'J 6 -3U 'iN 'VIlfl~'U U 'il1fl• 
U01JV."'N1U~tJm~i1Jfl11lJaflff11J1'Jo1'~L~~V'lJ'J1fl'il1flf11'JtTiY'fftlLtJ'u1'ffi'J 

... ... ..1 lIJ "... I.! 'J/ 1 1 11
2.1.4.3 "ttitllJ1'1~66 ~'J~lJfl11lJ'VIU'VI1UtT~~6ff~U1~"6lJ~1-3 '11"1fU fl11lJ"IfU 

.cI lid 4 Q (V Q. 4 ltI 0' ~t ~It!l 'J/Uff~ fl11lJ1fftl~'VI1U U"~ff1'J1f1lJtfl61JtJfl"lfU~ ~~uumtitllJ""~66 ~'J~'il~ff1lJ1'JOU1lJ1 "If t~'M"lt1 
!II 

flr~ 
.Q .:I ...J "1 fI • QI .Q Jf 

2.1.4.4 'il~'M"6lJt'M"1'U6-3t'1'tifllJ1'1t'166 l'J~''VI1fl1J 875 6~flW1fmCJftlff CJf~. ~ 

• iI ~ 41:' 4" 1 .Q ""1 O''J/I,,'J/.Q Ifl6U'U1~~1 ~~U'\.Jf11'J1~lJff1'Jt'06~1fl "'M:"IfU~~l-3 '1 t'U1ltJ'il~ff11J1'J0'Vl1 ~~1t1 ~fl "Iff11'J'Mt'l6lJ 

4:!1 ':,'J/..I/ 4:!1 J .1"'1'J/!:'1 allJ2
U"~91flN"fl '\.J6fl'01flUfl1fl ~ffmu:m'U6-31'M"1 (semi liquid) 'O-3ff1lJ1'JO'U'\.Jl1J6~ 'Ml1JUtlJ~ L~l 

1~tI'ti~6-3'~ff1'Jl!~ (binding) ~-361'O 'il~LtJ,,~m lJ1W''VI6nlJ~U1U fflCJfU ,1vh1,.fijNt'lm~'VI1J9i6 
f11'J'I11 'tJ'~t~UNafl1'~r~ffL~ 

2.1.4.5 fijWfflJmif11'J~61JffU6~9i6i'.:Jff'U6~Naflih~tllJ""~66Lnl1UtJfl'1 mw 

'O~'WW6fl11ff1'JtJ'J~fl61J"If{j~~U'11V.'J1~11fh effective atomic number (Zeff) 'U6~Nafl~iitllJ 
• .1 , t/4 I 'QI • A.4 id. I • 01' 0 <V Jl 
1'1~66 'J~lJfl1''VI1fl1J 8.2 ff1UtU6W6 (Soft tissue)U"~61f11fl1JfI11'V11fl1J 7.4 u,,~ 7.3 ~llJ"l~1J CJf~ 

, 'J/... ... 4:!1 "" lIJ2 ...... ..1 lIJ" .... lIJ2'" 11 .;' flt'llf1t1~flU'il~06 Ltl11"ttitllJ1'1~66 L'J~ff1lJ1'Jm'VIfl1Jtflfl~ ltlfl1JtU6W6 (tissue equivalence) 

'J/ ..... ..1 lIJ"!:'1 .1 .d.. I... .. ..1 , ..a '" !:'I1 

UlJ11 t'llti flll1'1 ~66 L'J ~ 'O~11JUff1'J1J'J~fl61J'VI1ffOtl'J U91 '" ti tllJ1'1~66 'J~flfl~l1JU 

ffl'J tflij~t~U,"'l!I1rl6fl ~Ul,r1LtJ'M16H~L119fpbwu~1 ~tl91'J ~ 'il1flfll'J ftfl'l!l1v.1J11Nafl1'~~ l~tllJ 
• .1 , ...d 1 'J/ .'f lIJ :!"l 11 .; ' '''.1'' .'1 .;
1'1~66 'J~'VI'M611lJUt'l~H.:J n tU1U6W6'il:t'I~"1t1 U 3 ff1J~1'MU":'M'IJ'O~Uff~~61f11'J1J1m'\.JfH'01fl 

.... ........1 , .. "" r: .... ... 11 4:!1':" 1.d ... t , .1 4:!1 J 
ft'l!l'U6-:J"ltifllJ1'1~66 'J~ fl6U111'\.Jflt'l~ ~~1'lf6 CJflJ ff'\.JUt'l:911tJ '\.J'VI~~ ~-:Juu U1J1~1J'J~tflfl'il-:J'UU 

.., ..........1 , "!:'I ... 'J/ .... !:'I .... 4 ........1 ' ''''J/
0 

1JiY'lf"ltitllJ1'1~66 'J~l1JUff1'Jft'l!l1m~~6~'J:1~t1JUV.lfl'l!ltlJ6U1"ttitJlJ1'1~66 'J~1J1 "If . 
"" U OJ ""... Ji'" Ji...... J

2.1.5 lf1·nH1Vl1.:aty"'J.A~UYl81Il19'lU'J.AtylCJf'J.AAIVlmJ1A81 

1f16 n lJ~U lU fflCJfU,11 ~ffijt~6f'l116 ~ t; fl mi6 '1 11fiu6,,;11~U1f1i 6-:Jli61'~ 
• • !II 

m1J1wi'-~fffi{jfllJ'~numjHUv.~'M"lfl1-W6~'il1fl1'~i'~ffL~n~mlJ1WtJJlJfJiju,,~tJ~tlfJU (i~ff 
...... a lIJ'J/ .. lIJ, ' ..... 4,'J/ 'J/

m~l'O~) lJ'U'\.Jl~1"flU"~ftflft1 L~ff~WJfllJfl11lJ L1 Uf11'J9161JffU6~916HfftT~ llJ6 'lf~lUU"1 

0 .... ,'J/ r:''J/4:!I .d. ,.Jt!:'1 4 """'.~ ...... , 'J/'
ff11J1'JOU1fl"1JlJ1 "If-:J1UCJf1 ~ 'O~m1J1~'VI'il~U11J1 'D11JUtfI'J6~lJ61~1J'J1J1WHff U~lU~lU~H'1 

I 'J/.! 'J/ 'J/ .. , 4:!I.d, 'J/.. --.... "".; ,2'"
l"1fU 'VIH~lUff~U1~"6lJU"~'VI H~lUf11':mft'VI fl ~ flN"fl'VI ~ 'O~lJflW fflJ1J~V.lfl'l!lfl6l1J6 ",'J1J• 

.... ..,.. 2 0 ,_~... ..1/.. 1.d QI 0 ..IiJ,
V."~~lU '01flHffUt11'il~'VI1 lHfl~ffmu~m1ffOfl'J'U'\.J U6~~fJlJ ~tJ'VIV.M~ lU 'illU1U'MU~'O~\lfl 

a ,:!"l 4:!1 !:'I "', 4:!1 '" QI :., 'J/ .:., 4:!1 :. lIJ 2 .... 
1fl1J 1 tUN" flU"~l1JU f11'Jlfl1JfJtI1~m1m,,~ N"fl'il:tfl1Jft"-:J~1UUU 1'ilUf1'J ~'VI~N"flUU L~l'J1J 

'" 'J/.d ..1/ 4:!14:!I .,:., I

v."-:J~1Ufl11lJ 'J 6U 'VI 1'M lJ 1~ fflJ m lJ 1W'MU -:J Nt'I fl'O-3 'il~ fl1tJV. ,,-3 -31UU U 6fJfllJ 1 '\.J l tJ 'U6 ~Uff~ ff11~ 
QI 1 11 ....... 4:!1" 4:!1 ,: 1 4:!1 "1.... .. 

U,,: fJ:91 fJlJ fl" 1J tTffO lU ~v.u i 1U ~ ~ t~ lJ 'il ~ 1'J tlfl N" fl V.1fl U 11 N" fl 'VI fJ 'J lJ ~ lJ 1U fflCJf'\.J ~ 
!II • 

(Thermoluminescence crystal) 1 ~tlft".:J ·:I1U' UltJ'U6.:J 11ff~ff11~i1 ff1lJ 1'J o1'~ , ~~tlfll'J1tJfltlU' 'If 
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E'I 	 '" '1 ••Ii!! 'JI'" .l! .F- ... '" '" " hJU'VHN~lU lTfnl~1fj'l1(;jt)~'Vl1t1WUff~ (Photomultiplier tube) 9S~unJ1WUff~1I~llfl111lffll'VtU1i 

fltJm1J1wi'~ff~ff~ffll'1' 

at tltf!:l4 .c:o. fI 	 Ai ~ .dI.di cl.c:l QI

lffUt)1~fj'Vltrl:lfJ'lJtHU'jU~t)(;j(;j1(;jflUff (Randall and Wilkins) 11lt)'Vt1l1'jWltHH(;jfl'IJa~fflnUJfltJ 

...... ... d .Q 	 ... "'.l! .... E'1",01 1" 
~flt)mfl~'jt)U 'VtfH~lU'Vlfl111l(;jfl (Energy depth; E) 'lJt)~fltJ~fl9S~1l'l1U1muUt)I(;jfl~'jau 1(;j~ 

(eV) ~t)~~lfl'hut1mh 'lJw~~ffndihJw'I1tJiil'vhfltJa~fl'11fl(;j1U i~JUfl111lthll~I~U'lJa~fl1'j 
tJ(;j~tJrit)fj~itgfl~'jt)UlIlflfltJifl (p ) ffl1J1'jt1Uff~~ ',fi~ffllfl1'j~ (1.1) 

E1kTp =! =se­(1.1) 
r 

,rlt) 	 P fia fl111lUll1~I~U'lJt)~fl1'jtJ(;j~tJrit)fjVlgfl~'jt)UlIlflfltJifl~a'l1'W1fjn(;j1 (1Ul'V\) 

T fit) 'lf1~n(;jlm~fj'IJa~v,gfl~'jt)u~a~mfj'UfltJifl 
... 	 1 d -23 -5

K 	 flt) Boltzman 's constant ( ~fj'Vl k = 1.381xl0 11K, 8.62xl0 eV/K) 

... .l! d 'JI QI ....1... • 1 'JI .Q -I
S 	 flt) frequency factor 9S~1flfj1'IJa~fltJfl1'jH~1Jfl~~Hff1U flHff'jl~'lJt)~H(;jfl (sec ) 

4 d QI QI

E 	 fla fl111l(;jfl'IJt)~fltJ~fl (eV) 

d ""lSI' .A, d3l' ~QI

1I1flffllfl1'j'Vl 0, 1) 'il~!'I1U l~flfjH'I1~llIU1111lt)fll k, E U(;j~ s fl~'Vl mfllfJW'I1tJll 

.&.101 =11 'I ill' .&.1 .... ",t2 .& ",.&.1cn l'Vtll'IJUflll~IUUffl!'1119J l'l1fl1 P l'Vtll'IJUUa~ r llflla~M ~~UUtl1afl~I'VtllfJW'I1tJll l'Vtll'IJU 

11av '1 I~Ul;f"ltlUl'tifjtJnal1~tJl11l lIlflfJW '11 tJ1J'lJa",rfl~ lI~'Vh1,rO~'l'IJa"flntJa~tJ riav 

Vlgfl~'jt)U~\lflfltJiflijtlll~ll~UlIU~,,;j~"l'~~fJw'I1tJii (Tm) mf1~lu1uvlgfl~'jaU~\lflfltJifl'1' 
~,~tlt)tJ '1 '111l~a"1u~ "l'~ fl111l1"'1l IIff "ff";h~~lfi~~UI~UffflLhu flU fltJ o~, lfl1'jtJ a~tJriatJ 
Vlgfl~'jflU~:Ju tl1\T" "l'~'lJt)"ltlU1tf"ffll-nui''I11 a~~ tJfl'h~fl (peak) 'lJa"fl111lff1HlIlfl1'Vlfll 

... "QI 0I,'JI '" J .l! ... "" J'l ... .l!1ll\1llIUffl9SU~ lI~ff"m~!'I1U \OJ W fJW'I1tJll Tm ULfl" 9S"'~L'jtJfl'VtflU11 fla'Vtfl (glow peak) 9S" 

... .., ..l! 'I 'JI""1 "" ,.l!,.., 'I dQI 	 0 

m11l'l1~llfltJ\OJfl1l1flfl11'11U"1I~Vll L'I1ll fla'Vtfl1J1flfl11'11U"I'I1UflU UfffH lum'Vt'Vl 2.5 
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1 
." " cu 

.c. ­ ~ 
0;:0­

,,/
m ..... _"

IA or.J .... Spurious 

To 

'Tempero.lure. .. 

.1.,1:'1 ' ''". "" .,1"1"'" ....... .,1 ...
\11f12lJ'Vl 2.5 llJ'WNt'l\11f1f11'.i 'Hfl11lJH)'WUf1ffl'.itHI~Uff~'Vl tfl'.iUHff'VllJ 2 trap 

... "" ~I .,1 "I 11'" ... d 1 ".. " . .1 ... " '" 1 "Co " • .1 .,1depths fJru'H.fJlJ'UtHff1'.it'.i~~Uff~tlJ'W T 'UW~'Vl t~'.iUHff f1t'l11f1'.in\1~lJfl1VfI'W 2 f1t'l11fl'.in'Vl 
~ . 

(T"Il Ut'l~ (T"I1 u~mWU\1~L,jffllJl'.i(l'H1fhL~~VHfflJ\!'.iW~f1~~~ u')VifJW'H.fJii\l~f1'h 300 ~~ffl 

It]ft'll~mffUff~ij'W~'.i 11'.ifl\11f11fl1~~fll'W',ffl11lJf~'W\1~1~mi1',flflflUff ~ff1H~ffllJl'.i (l~'.i1\11f1L~ 
, 

Q,Q,d 0 Q,I d d 

2.1.5.1 fJWfflJU~'Vlfflf1t:y'U~~'VlU~t'lfi 

Viu ~ t'l~ ~ \1~U1 L 11'~~1'W' 'W fI1'.i 1f1mlJ lW;'~aJ'W 1il1ti'W \1~9l'~~fffl'W1 

tJrufflJllil')l~ '1 i~~~L 11u 
~ 

""'''·.11) 1f1t11tfl'.in (glow curve) 

" ... " . .1 :'1 • .1 ... ...". " .,11f1t'l11fl'.in tlJ'W m lnUfffl~fl11lJfflJ'Vt'W 1i'.i~ 'H 11~ fl11lJl'UlJ'U~~uff~'Vl 

... "'.1 • .., ...... "" d, !I!IlI ,_~ " ".., , " " 
'VlU~t'lfllJt'l~V~~f1lJ1f1UtJWfflJU~'HH)nt'll'Vl 'If t'WfI1'.i 11f11111'.i~'W m~~'.ilfl1'.i 'Hfl11lJ'.i~'W 

... d d.... .,1;' •.1 t t "... ..Q.l .,1'1"
(heating rate) f1U'VlU~t'lfi lJfllfi ~'VlfflJ11fflJ~m In'Vl~ff~~'W 'W \1~ flt'llVfI'Wlllf1 t]f ~'Vt'W'Vl L~ml~\1: 

~I ... <V" • "1'" "OJ :'1 '" 1.... "1IllJ'WfldllJffll'Vt'W1i'.i~'H1Ht'Vl~'.i lJ'QlJl'Wfftt]f'W~f1Unt'l1\1~llJ'Wff~ff1'W ~V~HflUNm1111'Vl~'.i 1l'Q 

iil'Wff't]f'W~ i ~J'Wtl'lflril1~~1f1t'l11tH~11f1~ \1~ 'H lJ lv~~m1~~u ff~H fl1111fflJ";'W" '.i:'H 11~1'Vl~f 
llJ'Qiil'W ff,t]f'W~fiu nt'll ~~U\1,rmlt'l~~1U11'.i~H '1 ~ljNt'l'tl1'1f1f1t111flf~111gv'Wu11t1~L11'~url 
... 'I " " ..Q .1.,1 "I '" ,_~ " I 1 ""'''..1d I
~~'.i1f11' 1'Hfl1111 '.i~'W t]f~fI1'.i llJt'lV'W UlJt'l~~~'.i1f11'.i 11 fl1111'.i~'W \1:11 Nt1~~ f1t'l11fl'.i n~VHlJ1f1 

I .. 11 ..;. '" , " ".r ~I I 0 , " d ..;..r:'1 I I 

f1t111f1~f.l11'Vtll~~'.i lfl1'.i 'H fl11lJ'.i~'W'U'W llJ'\.,! ff~~l'Vl1\1:'Vll 'Hfl1111\T~'U~~'Vtflt'Vtll'U'W tlJ'Wff~~l'VllU~ 

fl1111fl-rl~'Umfffl\1~UflUt'l~ Uff~~i~fl1'Vt~ 2.6 

http:f1t'l11fl'.in
http:f1t11tfl'.in


21 

'U'U lf1l tJl1 ~ trfll:l W~ 'U'U ~il ~~'U1:I ~ lrt 'U~ \llfl ff1'U 'U 'U ~ilu'U1:I~ ffll Nfft11J f11111 f 'U'U 

(heating element) \l~ L~i'mnll1f'U'Un'U'Uff1'U~'U~lh~'U'UflL tJ\l:: L~i'1Jfl1111f'U'U \llflfll'nllf11111 

~ QI ~ d r .. I f 0 jI .cl 44 '1 ~.c:Il G' ... .1 ' 
'HI'U R~'U'U\l~1l1'U11'U'U1R ':i1J':il~U1:l~ffm'Wfl1':i'Ulf11111n)'U'UtN'YIUfl1:lRlI~1:I~'U fl1:l11f1':inmJ1~ 

OJ 

1I1fl ~~,f'Utf1ilufl1:l~ijfl111111'Ul1n'ULtJff1'U~fl~'I11~\llflfl1111ffl'U \l~J~ijfJW l11Jij~lfld ;~LrK1 fl1:l 

r4f1(Glow peak) ~ fJW l11Jij~l '1 'U'UW::~h'U~fl~'1m\'f11111f tl'U \l~ 'l..f19i1Ul1U~r4f1l1rrfl~fJWl11Jij\1~ 
.. <:14 1 """"~.I'!j/ !j/.I ... AI' ... "1AI "" ... 1 .... 
cJHI~1:I'.i 111flfl tl fl1:l11f1'.infl 'U'U 'U 1~\l::fl1H'U'UlIlflU1:l::lIl1J'.i 1~ ~~ L1J \llfllRlIl'W'.i l::'WfllJl"lJtl'Ufl'U 

.. J "".r A.... 'l-t' !j/
C)j'~~1:I'U \l~1fl~'U'Ull1'Ufl~'.i1fl1'.i l1fl1111 '.itl'U \T~ 

medium heating 

~""'~"""_"""_-.l"--_______ 

very fast heating 

~_TIME (sec) 

':i~,r1J'Ufl~mlJlwi'~ff (level of exposure) m1l1wi'~ff~ViUfl1:l~ L~i'1J\l::ij~1:IlPitl 

lfl'n11fi!vJ~1fJ1'Wn::t1'U,rfllPil~ '1 \l:: ',j~1I~1~m1l1wi'~ffl~enti'U,r~Uff~H'l'Um'W~ 2.7 

-
t: z 

-Iii 
:> 

< 

~ 

~ 
IJJ 

~ 
Ci 
::J 

30,000 R 

~--____~~~______________~~~~~___nME(HC) 
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Cl QI d .4 -4 d 1II .J}Q,I Q,I.c:t' 4 Q.I' GI J}i tI 
'lflJfI'\IV~Hff (type of radiation) U..Jv'mmflfl l'fl'jUHff~l~'lflJflfllJ~~ n1 flfl1 

Ltif,"~ij211~1~~1~fllJII1tJ ~~Ltfffl~llJ.flTn~ 2.8 

•A 

• 
-
~ "~-AAY 
~ 'rRRA'OlAnO
&:d. 

~ 

" \ NEUTRON IRRAD1T10N 

~ 
. ~... ~ ..... 

"-_""-_,.L.;.____-...._____ TIME (sec) 

8 18 24 32 40 48 

. ~ 

~ I ..... "J""'''' .,. .,..,.... 4'" .,. "J ~.,. 'I " 0 

lJ'j~1f1fl1'j lfl'j UH ffUfl~fl1'j UV'W 'W fl'\lV~'YIUVflflLlJ V'YI LtVflfl l'fllJfl1'j l'lf~llJC)fl . 
't1~lV '1 fl; 

~ 

~ ~:'t;,'M'fl11lJ1 1 'lJfl1HltlUfflJt:I~~V;~*'\Itl~fiUt:l~~~il~~ij1nuA'1'Utlm!l'11 

UtllJU~ritllJ ''l1~llJ 
... 4 cl'l" '" et 1 tI .. tI_.1 • 4 " ... 4 ''I

tflH)~lJV'YIl'lfU'W'YIfl fl~1tml"t (recording instrument) flm1fltlCllAfl'jt:l~lJt:lt:I~ llJ 

fffll .... ~Nfl11fl9l t'lflJ l'YIt:lnlJ1';11AiI~l'iHllJ Nfl11fl9l't11fl hiijfl1'j 11 ;ULl1VUfJW 't15Jij'Utl~t 'YItlf 

1lJti11AiI~ ~lM'flu Cllfl'jt:l~1M'fl11lJ~V'Wflllj)l'il1M'~lU't1U~fJW't15Jij'Utl~Tffl ..H;flNfI'11 

2) fl11lJbllJfll'jflt:lUfflJt:I~~t:I;~* (Sensitivity) 

fl11lJ'11lJfll'j fltlU fflJt:I~~V;~ ff't1lJlVtl~fl11lJ fflJ...rlJ'fi'j~l1 ':h~uff ~ 

~11rlfJVt:lfJfllJl1l1flfiUtl~;l~tl't1 ~~'t1U1VmlJlW;~ ff ~~~~~lj)~ij N~~t:lfl11lJ'1 'lJfll'jflfJUfflJfJ~ 

~fJ;~*tlm;fll:jW:l11~l~'Ut:I~l1UV~~ '\IlJlfl'UV~N~fl U~:N~'UfJ~fll'jUtllJUfl 

3) fl11lJt~lJA;~t~lJ (Linearity) 

fl11lJA~lJt;~t~lJ't1lJltJtl~fl11lJfflJWlJi'~L~lJL;~L~lJ'j::'t11HmlJ1W 

liff~~,jrlfJtJfJfJfllJl1l1flfiut:l~;l nUmlJ1W;~*~fiut:l~~,~;U afll:jW~d'tyqpw~ '~1I1fll1UfJ~~ 
Ufffl~'lJ.fll....~ 2.9 
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D 	 D D Dose 
J 	 m $ 

~lflfl1'Vj!rl~ DI fi~ Minimum Linear Dose Dm fi~ Maximum Linear Dose D. fit:l 

Saturated Dose 'lhJ1tui'~ff~'fiU~fI~'~i'1Jl'U'Ih~DIO~D)~fJfl11linear range ~~mlJ1tumH~ 
1.JaVfJVVfllJn1fl'fiuvfI~ ~::arl'U!;~!tf'UO'1Jm1J1tu i'~ ffUfI::::O'1J"fl ~H'1 ~::::~lJi1~m1J1tui'~ff Dm 
tI, 	 , 

fi~ll''UmllltuUff~ 'fi1.J rlt:lfJt:lt:lfl1J1~ 1fl'fi!Wfl~ ~::::ijmllltu fN'fi(Pll ~m1J1tui'~ff Ds 

4) flln1~"'l1fJ'1.J'Ilt:l~fftyty1tu (Fading) 

fll'j ,.UI11fJ' 1.J'Il~~fftyty1tu l1lll fJO ~ flll "1~111fJ'1.J'IlV ~fftyqptu ''U'fi 

'" ... 0'1'" 0' t ..\ '" '" 'j/ 'j/UVflfI(Pll1Jfl'J:::: 1J 11,1 fll'j fll'j lflfll 'YIt:l 'j lJ\'llJl'Ufflctf'U (Pl'U 1,1 l1JVV:::: flt:l lJ'Il t:l~ 'YI UVflfI\lflfl'j::::9.j'U ~nfJ 

Ttti'Hl'U 1-nflv'Uiilgfl(Pl'jt:l'U~::::m::::1f1f1 '1.J~Hv~1'UO'1Jfifl fll'H~1J'fiUVfI~'1''Ul'U'111ti~~lfl'fiUVfI 

;;,~i'1Ji'~ffl1;~~tu113,Jii11,1 fll 'j l~1Jn~11; t:lijUff ~ff1HlJ1fl~:::: ij F-n:n;1 1 lfiilg fI\9l l V'U ~tfl~~dl 'UO'1J 

"flTtti~~l'U Ufl1J~1'1 fI flfl ~1Jl~Ufl1J 11lfl'U cH,rlm.i1'fi UVfI~'1.J61'Utl1mlJ 1tuU ff ~th~'~~::::fI flfI~ 
~lflfl11lJlrJ'U~; ~ 

, 
4 I 	 ' ''' ...2.1.6 	Ifl1tHB1Ufll tlUBi:lVI 

..\ , ,... '" ='1 ..\ ""1 !I!<I 1 '.II 'j/ .. ... ... 
lfl';jt:l~{J1'UfI1 'YIUt:lflfl'lJ'U!fl';jt:l~lJt:l'YI "]j' A'Uflll 11f111lJlt:l'U ffTnlV~Uff~'YIUVflfI 

Ufl::::1f1ff11-3~1.Jflfl1.Jrlt:lfJVVfllJ1~~ijff1'U1.J'j::::flV1Jfi~Ufffl-3l'UfI1Tt~ 2.10 i1ff1ll;V-3Uffn::::\lfl 1ff 

'_11 . 	 " .
'j/ ,'j/ 'j/ '" ... 'j/ 2" 0 .. 'j/ 'j/ .., .. .., ....,

L'Ill lJ 	 'UUFH 11f111lJ'jV'U'YI~tu3,JlJl1'fl~lrn1~~'YIlfll'j 1l1f111lJlV'U\9l1ffllL'jV-3Uff-3'U'UUfI::::llJVlJ'U 

, I ~ ..., Go' II .c:t 	 " 

1.Jflfl1.JflvtJUff-3ff1H'U'Ut:lt:lfllll~~'YI1flll1f1f11fJl1f1'flfl'YI1tJtuUff~ (photomultiplier tube) l'Uflnl11 

" ."
fl11lJ~V'U11;V1Mfl11lJ;'fl'U ll''Uijl1f11fJl1.JU1J1J~1fJO''U u~'fiijfJlJ1ofO''Ull''U~::::1lffl11lJ;v'Uuriffn 

L; V-3Uff -3mh~'j 1f1 L~ 11lfi11J; L1tu O'1J "fl~ ,,jlffilfJ'j J'U1flfJ~::::V~ ,,jfilu ~ O~Uff~ff1H~\lfl 
, ", 	 t 

1.Jflfl1.JaVfJVVfllll1wlh~um '1 ~'Ufl11~::::O~tJtul13,Jii'fii~l{J1'l' lijVffll L;V~Uff~ '~i'1Jfl11lJ;V'U'fi 
.. '1"Q flQ~'" Q,I.cQ., Q <IIL111J1::::fflJ'YI ~::::flV 11 Lflfl1 flfl1Lm-n fI ~'Um1Jl1lJfI1'U'YI1~fll'j1f1~~flll'U'UfllnflNfI'j1lJ'Il'fl~fl111J 
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I ..; I t.Ji 'Il .1 .1 ";"'lIJ-"AI.F- ...... ..;
ff'lH'\l~~Uff~VltJai>ltJ~HlfJ~~flmVl~l'Illi>l CJ1~fl1'il'il:::t!ffi>l~ ~'UllJ'\l~~lJ'j:::1Vl'li>l ~~l'I'j~lJ'jll1WHffVl 
, 'lIJ Y ~ 91 <il ~I 'Il 91 91 I <il AI t <il "'.1 

Vl'Ufl1 ~~ '\l'U~~'Uqi>lVl1V'il~AlJ'Ufll'j ~l'IfI'll11'j~'Ut!flf-lam'jmuff~'U'U 'il'UfH~Wl'If.!lllJ'j:::ll1W 400 

~~ff1!CJ1mCjVff l~~tJai>ltJ~~vtJ'j::: ~~J~f1~tf1~~~' 'U n'IJifl~ afl "l LfW hjthu~il~Uff~ff1H 
'U ~flm ilml1fld~\)fltJ ai>ltJ~~ V~~flll1 'il1fltJ 'j 1fl{lfll'jW' spurious effect 1'Uir'il1<U'Ulfl1 ~~ th'Ufi 

u~ai\l 'iTll'l i''IJ li>lm11lW~ff~ 1J 1'11'1 a 1fti'mf'U 1ftf-l ii~~'U11lA~'UU'IJ'IJ'li~~'IJ'j 'j 1 fiu ~ai\lA~'U '1'U'l'U 

PI 91'" I lIJ 91... AI '" '" 1 ... 1 ...... ~I ...... -" mfl "l ua:::ff1m'j()lJ~'UA'\l1!f1H)~fl1'U ~i>lVla:::lllfl "ll'l'j~ltl'U1CJ1Vl i>lV~~ 'Ull~llJ'U'jl'lff~'lAa'\l~'lV 
Q" d 9J ... I.Q QI lid. " r "I'" .ci 

n:'IJ'lJfI~ll'rt'lA~ ~ 'j ffl111HHfl'IJ'\l ~l;da ua::'IJ~fllJ 'j ll1W 'j ~ ffua:::'\l ~l;da~ 1 ~ "l li>l~V Ha::: l~Vi>l 

'lJ1iVl~f-lii~nl'lalV'lJ1iVl lfturi Eberline, Harshaw, Panasonic, Scanditronix, Teledyne Isotopes 

ua::: Victorreen A~'U~'U 

DC. 


Amplifier 

• ! 
PM 

\ 
Dl$play 

and/or TUBE 
Recorder 

_ *> t., .Iv OJ Q.I' J 
2.1.7 'TlfI'Uflfl11f11'U1W't11f11ytl1nJ&9181n1J~nyta~~1'U;)a'U 

-U'IJ!~'Unalm'l'\Jl'UAnm.J 50 tJ ~iftnfllnh'U'lWl'Ilfil'rtl'il;JL~~ffi'IJflfl 
... </... </1 '" </1 </ '" </•.1 .Ji lIJ 91... '" ...

'rta~~l'U'ila'\J (klOehcs trapplOg parameter) 'illmVl~'j ll\llll'UfflCJ1'U~ fla'llfl';iTt CJ1~ li>llll~flffl'j'l'ilV 

A~'U'l'U'l'Ulllm~[l1n'IJnfll'jl'll'rtl'jlijA~~f'\l~'1l'1fJllnm.rfl ('vr{l E ua::: s) 'illfllfla11tHvJ (glow 

curve) li>lV'-N1Vlflilfl~91H "l n'U A'li'U initial rise method, glow curve peak shape method, 

phosphorescence decay analysis, curve fitting technique ua: variable heating rates 
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~~hj~l'U1~vdL~tiiofll,*'Vlfluflfll'j t11~v'U fl~'jlfll'j1,xfl1111~O'U (variable 

heating mtes) n'U,ij~l'nUOCl~ l'~ol'*1'UfllHhLJ1tl1'Ynj>h activation energy (E) UCl~ frequency 

factor (s) 1~wlfl11'flCI'\Io~u'j'UfloClaUCl~1C1f1'Uff (Randall & Wilkins model) ~l11ff11fll'j~ (2.1) 

[10] 

T; E 1 E
In - - (-) - = In - (2.1)

f3 k Tm sk 

<!I , d ·23
k flO fllfl~Vl Boltzmann's (1.381xlO JIk) 


E fio activation energy (eV) 


<!I ·1 
S flO frequency factor (sec ) 

'" ..,
2.1.8 fll~'n'Ufl11!fI'UJ"'ltTYJ 

2.1.8.1 m::'U1'Ufll'jl~1v11H~fll'ni\ (Polycrystalline) 

m::'U1'U fll'jl~1V11H~m' 'U'U l'ni\ih..., CllVlVlflU fl i 1mh~ l,f'U tVlflU fl fll'j 

d "" ..It dl d ... " '" 
'tYCl011Vl'QtlI'tY fJ11\l ~ (melting method) [11][ 12] UCl~ [131 CJ1~HClflVl Lflillflm~'U1'U fll'jt~'jV11U'U'U 

~I dl dll'" dl'" ""'" ... ·~I '" dl' 1"PolycrystalIine 'LJ'U HClflU'U'UHClfl 'nCl HClfl11fll'jilfll'j V~'\IO~'j~'U l'U U 'U'U L11'LJ'U 'j~ l'UV'U i1~ ff ~HCI 'tY 

, '" 
H~flVi '~ijff~'U 'til11-j ~Uff~ ~~U'U~~'flflfll'j'(Jflflii'UUff~1'Ui1'O~ . 

.c:t eJ.tQ.4 

2.1.8.2 fl'j~'U1'Ufll'jt~'jV11HClfll"l1~lflV1 (Crystal Growth) 

4 ..J" iI J d ".tQ d 4 Q.I d QI Qf 

HClflVl Lfl 'illfl fl 'j~ 'U 1'U flU 'U!11 'U HCI fll"l1 ~lflV111flU i1fl! 'j V~~1fl'U '\IO~ 

d d '" dl' 1" dl d ... 2'" 1 l' "" t dl .... "" <!IO::~Ol1Vl,1I'U'j~l'UtJ'U ~Hff~HCI 'HHClflVl19'111fl11lJ ff UCI:: 11HUff~ fl~'U'UiI~ L11mflfll'j~flflCl'UUff~ 
'" .

1'Ui1!O~ 1 'U~ l'U 1~vil '~lilfl'j::'U1'Uflu,~1vlJH~m;~'~V1~1mVlflu flU'U'U1'i'U~fl~UlJ'U 

(Brigdman) [20] 

dl 1 dl oJ "" .J .... '" d
HClmnflfll',i'HClOlJl'HCl1ffU fltJHClmfltJ1i1~lflfl'\l'Uillflfll'jflO'U11flCltJff (nucleation) i11flfll'j!tJ'U 

i1C1~odH~1 "1 '\IO~ffl'j~'H ClOlJmv1'U m"l1'U~'U'j'j ~ ffl'j ~ 'j ~'j OtJ~H~ijHCl911~'\IH ~'QtU'H fJiiillflffl1 

~'tYClH11~'QtlI 'H fJii \l~l1lti~'U~ I1tU ~ij ~tlI 'H fJii~lfl';h i1~lil1,xlflfl H~fl~'U 1fltJ~HCI~H'\IH~'QtU 'tY fJii 

"" A <!I .... ~ A ..It '.... dl "".J 
\1::: lflfl \11flfll1 ICIH 'U f11"l1'U~ 'Un~ ffl1 'tY 'j0 m 'ilVll L fl L fl tJ fll 'j ICI H'Ul~ lCJ1~fl1 'jflH ~1'\1 H~HClfl 'il:: lflfl '\I 'U 

~'U~ntU11C11tJ'\IH~m"l1'U::'U11 ~ ffl1 u~1~~!flfl91m d0 ~111 'il'Ui1J~m"l1'U:: 1 fltJHCl911~'\IO ~fJtlI 'H fJij 
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I 

~tJlL1tu'11 1I1t1.f11~lJ:tJ'i 'i1ffll \ldjNlI ~6fl1'i LflflNil fl6 ~1~1I1fl .f11~lJ:'11 1I1t1U'I11111~1.,rtJ n 1ffll 

\l::iil'11l'lH"l~ '1 Ufffl~.f11""~ 2.11 

AI d ~ ftl ... A d ~ ftl 
.fl1~lJ:: tJ n ~ ff1'i'l1 1I 611 L'I1111llJ l'l'i ~ fl 'i:: tJ 6fll'lfl1lJ lJ 1I1t111 .... lJ l'l fl1Hll'lllJ1 fl 

lIJ I ~ ..:. ~ '''' ~I <9 ... '" t A dllJ.}I d
m:\Jtm !1Iff1111Hlff'i1~ff.f111:L'i1l9llJfl1'ifl6911LlJlJNlIm::lJ1tJLfltl1fllJl'l~'nlJl'l !~1 (.f11'nl'l 2.11-a) 

"" t I "" <9 "" lIJ ~ ~ d d'" Add "" AI "" ftlfl~lJlJ fll'ifl6911'\l6~ NlIfl\l:: LMI !fl 'il::916~LlIlJ .f11"lflJ:'Vl1l'nlJ 'Vl'\l6~.f11~lJ::'VltJ'i L1tulJ1I1t1fltJlJ1fl 

m:: tJ 6 fl~ U9I fl~HOlJ mil1f;6.f11"lflJ::tJn ~ff1'i ~1-NllJ fll'i'11~fl N~fl\l::: ~6~iil'11l'l'i ,urllJ '11mtl 

d <9,. d?l d... .It ~I 
U'I1l11J UfffH1lJ.f11'nl'l 2.11 b fH c t~UJ.flT~l'l2.11-b mlJ.f11~lJ::tJ'i'i~ff1'i'Vl1ll'11'VlHm1t1 ¢)f~LlJlJ 

'II ..:. ~ 1 AF- 'JI 1 .,'JId '" ..!I ..fl1 'i ff'i1~ff .f111: fll'i L 'i1l9llJ '\l6~ff1'i'l111611l'11111 lJ lJ'i1l1tu lJ 6t1'1 lJ fll'i l'l1 '11 WlJ 911ML'n6fl1'i Lflfl 

<9 I ~I'" t d ~I d'" ftl ~ d .It
NlIfl6t11~LlJlJ'i:::L1JtI'U\91116fll'l~.f11"lflJ::: .f11'nl'l 2.11-c llJlJ.f11~lJ:::l'l1lllJl'lHfIllJlIlIn (capillary) ¢)f~ 

iilfttl~ff1'i'l111611l'11111m1l1tu,r6t1 '1 ~91'i~'111I1m'VhJlJ~tflflflln111i11lJ ~1,ui1J~lJ \l:::lrllJfll'i 

1~1I16fl1ffllJfll'i i fl~ tI~'i:: lJ1'11 6th~ ii'i:L1itltJ9I'i ~'UlL1tu'i6 tI~6'\l6 ~ fl1 'i '11 \I fl Nil mhlJ 'I1116flfllillI 

lIi~ ''11~.f11~lJ::~'11\lflNilfl.f11'n~ 2.11-d L~lJ.f11~lJ::tJ'i'i~ff1'i~ii'11mm~lJl'11m1t1Ull:'111I1t1'\l6~ 
ftl ..!I I "" AI <9 ..,.It <9... I _I d'QI 

llJl'lHm1m~61J9I6fl'U.f11"lflJ::lJ\lflNlIfl'l1l1fl ¢)f~fllm6\911'\l6~NlIfl\l:flfl11llJl'lH bUll::: c .f11'n'Vl 

2.11- e \l:iil'11l'lH~lrllJ flnm;61JNl'W'tblJ '\l6~m:L'111:::~'U1lJ66fl1lJm1l191'.i~l'I11J1:ff1lN1lJ 
fl1i1l1l1i~" '11J~m 11 191 'i'l1 d'fl'\l6~ .f11"lflJ:: ~~.f11"lflJ:U 'U'Ud 'il::,,111l1'Lflfl fll'.i ri6i1~lJ ~m1l191'il'l'.i ~ 

<S I AI..!I":' ,. "" <9 d 1 ftl d .It 4 QI I'll <9
m1mllfl'1N1lJm:::LlJ1:::1'n61'n1l 16fllfffll'.ilflflNlIfllfltl1 lJm:::LlJ1:::LlIfl '1 ¢)f~l'I1116lJfltJfln ~NlIfl 

a6tJlL1tu'111I1t1.f11~lJ:::l '11 m 1t1 

Liquid 


--Solid 


(a) .•.-" 
'#" 

." 
(d)

~(~).: 

crystallites of (c) 
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'" .. 0 i j/~ j/" ..;..;". ~I" 
ff.fl11~11'ft~1J1'}H'1"1l ~ .:Iffl'H111 lfl~ N'ftm.l1flfll111'ft~'1HI~ 'Vl1 11 I ~N'ftfl1~ lI1V11Jfl111JllJ'U N'ftfl\p 

lV1fll'U l'ftfj~'.n'U fll·H~1l1ll'il~ci''IJ~6'l.l liiW1'il'Vt1::mh.:l~.:Itrt~fl111Ji'U '~U'ft~fJWl1 t..1ii"llw:a~1l11J 
ijfh\!.:1 u'ft:ai~'U'"Ilfll1fl1'IJtjll f.JW 11t..1ii~~.:Ifll1fl111lUli'Uth~dN1l1fl1~~ 'flU1Jid1 Nt;fl~ '~ij 
lfl1.:1 fft 1.:11l1~1 !1'U 111 fll1~,~'U;f'U! 1'U1J1fl~ ~~ti~yj1 i fl1ffiiJ~11'ft~1Jlg'U i 1'ft.:l !'1f'Ufll1 !~1l11J 
Nii~fttUcti''lJ1.:1~1'il~yj1ifll~'Ui1~d1,:j'~1 '11~lIij1thufl"i1Jfll1'ft~fJwl1t..1ii!~'Ui1fl1'IJtj1J l~lJnii 
fI1 'If'U ~~,.n'U fll 111'ft ~1J 'il~~~-3 'liii~fi'lJ1ffiiJ~11 'ft~1J!~~ 'il ~ ff11J 11tlU1Nt; fl ~~fl , ~~ llJU'ft~ '1f1l1'ft ~ 

l' i .. ..I!.....,.I ... .t .., j/ ~ OJ .., ~I I 

fl111Jl"1'U (stress) 'U N'ftflll}f -3m 'il1fl~ 'il1flff1JlJ 1:: ffVl1i fll1"1llJ1l1~1V1 Nfl111l1~'U 11l1'Vl1fl'U ~-3'U'U 

";ij/ j/ ~I ~ •.I" ......., ..I!.I" j/ -.: 
.fl1'lf'U~V1 'lf~l'il~~.:IllJ'UUfl"i m~ (graphite) 111~U'Vt'ft~~'U1l (platinum) ll}f.:lfll1lJ~flN'ftfl~1lJ11i'U 

ff1'i~'lJn ~o~i'U.fl1'lf'U~ 'il~ \]fll1 d~'U 'ft.:l~11l11'U1~.:I~dH41 '1 i-3J'U fh'U ~l1'ft~ll~-3~~~ltj~ ''U 

fl1'lf'U~ 'il~n ~~11~'U Na flno'U fll 1 1f1~ihlfli\lIff"ll 0 -3Nafl (nucleation) ~tJ'ft1lJ"Il 0.:1 .fl1'lf'U ~ij 
... . 

fl111Jn1flt)J1J1fl U'ft~ij N'ft'il1flltJiH"Il0.:l.fl1'lf'U:: 'UOfl'il1flilYitJ'ft1lJfI1'lf'U~m'il i ffNt;m;o (seed) '1' 
1~ lI..t1hltf1f11'lf'U~~-3'fl ~~'U~~1Nt; fl~'~~~.:I ij tJW.fl1'Vt \!-3 ~ -3 tim1fl1 1 1fl~~'U ~"Il~ -3.fl1 'If'U::~illJ1J 
'41J1fl~tj~'il~~~i'U'1f1-3 2 ~-3 10 ii'ftii11J~1~~,t111J-3 fl11tJ~flNafl1~lJ11~lI1V1flilfl'IJ;~~Ull'UUff~.:I 
, 'U.fl1'Vt~ 2.12 

High tempareture 

furnance 


Melt 

Baffle -- ­

Low temperature Crystal 
furnance 

. . 
... .., .at.at Y.

2.2 ~1'Ul"rJmtUJ1'Uf)~ 
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• ..d, 'JI 0 ...... ",... " 11 rJDanails et aI. (1953) [21] t rJ umpm'.if1'Yl 91UltJtutY1I1.J91t'Yl{l' 1IlJ1ItUtY1CJfU91111 'Dl U 

A ....... <v A .... _I.... .., ct ... '.1'~ • ",... "..d... ,I 10
'fI'{I~1I{I'H}f.U"W 191'U' 1IltuHtYU~~ tI~ V'l1'Tfl':l:llf11U1tu fllt'Yl{l' 1IlJ 11 lU tYtCJfU91'YlIfl91-UU U 

... . .... 
ti"1I'JI'191 ~lflmu..,u 

Nakajima et al. (1979) [22] 'l(flfl':l:lltJtutY1I1.J1l-U{l~lfl1{1~191m1l1tui'~ff~t911t111'I('illfl 

LiF t~{l1(1t1tY1':i U1lflih;tl1IU~~fI{ltl ,tl {If ff1.J';hiifl1111' 11 U 01'91{l1.JtYU {I~~{li'~ff;1'91tl Nafl'il~ 

1,rutY~~iifl1111t111f1~u1m\' 410 Ul'Ut1l91' U~d'1';;1I~tltY~tli'tYt"'1'tl~~ 'I(UtY~~iifl1111t111 
flgu~Ut;i1l'illm~1IOfl 340 Ul1UI1I91' u~~lrt{ll,rfl1111~{lUutiNamnh~1't1111~tY1I~fJW"'fJij 250 

{I~f'I'ltCJf~';tltY IrJun~l 10 ulii tYlnr~fl~11iifl1111'1UtY~ (sensitivity) tiiv1.Jnhn1.J CaS04• CaF2 
..l! ct ......ct' .1 • ct , 1

U~~ MgSi04 CJf~1ItJtutY1I1.J9191fl11 TLD-100 'U'~1Iltu 20-50 ''YllU~~1Ifl1111 1 Ufl1'91tl1.JtYU{I~ 
!II ., 

i'~ff\l~ U{lfl'illflilti~iiN~~lU1ivOfl1l1flii'Vh1\ltJInV1n1.Jfl1'';~Ul TLD 'lfn91LiF : Mg, Cu, P [23] 

[24] [25] [26] [27] U~~ [28] 

Takeo Niwa (1993) [29] 'I(tl'~tY1.Jfl1111thI1 ~1U O1':i1911 V1I'I1Tj91iitm~;1'J1''il91iili tl1I 

~\!tltl' ,~u 1.J1.J Nam~v1 ~~ Nam~v1~ 'l(ii~fl':l:lW::1tY~~ ',j~91 fliiuutY~1ui1m~ u~~ii 

tl'n:ff'Yl1mff 1 U01'191 i'~ff\l~1-ul'lI1~tYl,i~~u iiti V1I~ lJtl{l ',~~ii fl11111.J'i Q''Yl~\T~ 99.99 

.1" " 1'JI .... ....... .... 1 IIJ ••I " 
11J{I':i1CJfU91 U~:: 'JI'tYl':i1~tl 2 911 fI{I MgClr6H20, NH4H2P04 ""{I Li3P04 um'Jl'u~um m91 

tl~lVU"'~1I~U-U1UtlQ1u'Vi{lQ'tytylfl1f'1'fl1111iu 10'2 Torr ~fJtu"'fJij 900 {I~f'I'l'CJfm;vtY 1(1tJ1911 

"'~{l1IU1.J1.J'Vitl~~fl11.JtJ1I1,rLfI~tlu~luuu1~~1(1t1f11111111 2 ij~iiL1I91'~{li111l~ 1~n~11u01' 
tlgmr~"'1191 30 i111l~ 'illfl.JU~91fJtu"'iJijM~ 700 tl~f'I'11CJfm;rJtY utf1.yf~'16fl 50 i111l~ ff1.J';h 

II • t t 

O1'm::~lrJi1-U{l~tYl':i1~m;~tYl11'J1''il91 itjtY~11tY1I{I U~~Naflii'l(ii;;fI"'~fl{ldii 200 {I~f'I'11CJfm;vtY 

U~::iif11111IrJUI;~It¥U~{I;'~ff1U'!h~ 10-6 _10-3 c.kg-' 

S.H.Doh (1980) [30] t1'::I'Ylf'l'lfl1..,ii1~ ii01'yf~U1N~iilirJ1I~gtltlh~~I~tlI(1V 
U1Iflilt;V1I fI{ltlltltlf lCJfI;1V1I U~:: ;iifltlU 1'flv1ufl1nhfl1''Yl91~tl~~::1~m1l1Wfl11111'''1I'''U-Utl~ 

.... rJ' 2. .... 1'J1 .... ct ct 1.1 "".1.1" 1 .1" " tYl':i1'iltll U'JI'1~fl'JH 1 fltl 'JI'tYl':i1~tlU1IflU1CJfV1l 0.6 1I~I'UmlCJfU91 fltl'UI'Utl' 0.8 1I~L1J{I':i1CJfU91 

ct .... ... 1.I" " ..l!..-'1 • <v ct ct ...
U~::1CJfI'flV1I U~~ CJf~fltlU 1.8 1I~1'Utl':i1CJfU91 CJf~tJtutY1I1.J91 &Ufl1'91{11.JtYU{I~91{1HtY-Utl~'YlHtl~'fl 

tI ,.. 

'JI''il 'flil tYl111':i 091 tl1.JtYU {I~~{Ii'~ff'~1U ,r1~ iiff ~~·nu~11 u~ ::m1l1tuutY~iitlri tlVtltl fl1l1~::\T ~ 

fl11 LiF: Mg, Cu, P tl'~1I1W 2 ,'Vil ~ff~~~lU 30 keY -Utl~ 6OCO 

P. Bilski et al. (1996) [30 'ru1fl':l:l1f11111ff1l1i'un-U{l~ lfln1lflf~ U~::tJW tY1I1.J1l~H1 

-Utl~01' In'flI'Yltl f111gijL UtYlCJfU ~ 'Vi1.J11U1lflill;rJ1I~1~LrJU tYn l\l{lii V'Yl1ff nt'htlty~ tlfl1111' 1 

(sensitivity)1Ufl1'91tl1.JtYUtl~'Y11~i'~ff ~~Nafl LiF: Mg, Cu, Na, Si ~::1911v1l'I('illfltYm,ju 

(Korea Atomic Energy Research: KAERI) 'h'tl;UL91tlf1UI9111,rfl1111~{lUfJW"'fJij 800 {I~f'I'l 
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L'lfflLCittlff~ tJ'j'jtllfllff1ul~'Hl1U LrJUl'Jfll 1 i11lJ{I 1flm;jflflnniiIllUltUffUr-huuuVnflH 4.5 

ii flnLlJ9I'j fl11lJ'H U 1 0.8 iiflnLlJ~'j [32] 111mrUUlf1f1fll'j 'YIflflV{llJ1LlA tltJ LVitltJfltJ,;jflflnn 

1Jl91'j!lU ~11JlJl~'j!lU'YIl{lfll'j~1~tlVlJi'1j'h iifilfl111J11'Ufll'j~VtJffUV.:J'YI1{ll.:Jff\T.:J ;iv MCP­
4Q1 OQl QI l.d fJJ ... .d .: 

N (LiF: Mg, Cu, P) 111ntJn:l'YI TLD Niewiadomski 111nfl utJ111nuu,tlu~UlJl'Y1UVflfl'.h~Ul'YIU 

1~\ln...rillullfltl111n'Hflltl '1 ffm-uuiitl filii 'Uth~L'YIff~U ffm-uuiitl Solid Dosimetic 

~ ...... "'1 q Q~tI
Detector and Method Laboratory I'1nlllfJtUff1JtJ~l'YIfl'.i lJ\11JLUffLCJ1U~UfI::fJtU'H.Q1J'YIL'H1Jl:: 

dl'HltJfll'HlVUUfI ;iv 240 g.:J 270 V.:JfflLCJ1l'1LCittlff ,rtVUlf1f11J1LVitltJfltJ MCP-N (LiF : 

Mg,Cu,P) 

J. I. Lee et aI. (2004) [12] tlna'YIffLfll'Hnhn~iinuiitlUflt...rillU1ViUVflA':I1Ufl 
.4 4.1 .... ,2 'I' ".r!! " " "'ILiF : Mg, Cu, Na, Si L't'fm't'f1JlJ'j~ff'YI1ifl1't'ffll'j ')J.:J1U LfltJL~1JlJllJltUfl11lJllll1JIIlUIIlV{lffl'jffl'lLl1V 

UlJnu,CittllJ 0.2 11Jflltlvl,CJ1U.{ flvtlltlvl0.05 LlJl'ILtlvll'lfU.{ UfltLCJ1lAtl1J Uflt Cjnnvu 0.90 

llJflLtlvllCJ1U.{ Vhfll'lL~; fllJ lfl flflllf1ff1Jffl'j Lfliihf,,rlnUUfltU11tI,'lffl111J~VU'u'~11 ...Hh~ 
fJtU'H.Qii~ln11~fl'HflVlJL'Hfl1I1lV.:Jallfl1J't'J\1VVh'{,rJUl1f11 30 ulVi fI1fll~tJl1t11fllff1UL~'j'l1U 

Ufl~tIavv''lfl~U vlh.:J'j 1fl111~fJtU'H .Qii'lftH 111mrUUlflnnti'{lna111tltJflUfl~Ofll~U ,;jfliiIllUlfl 

lffUfhuuvnflH 4.5 iiflnl1J~'j 'HUl 0.8 iiflal1J~l UfltU11t1CjUl~Vl~1(Jl~11't'J~1~fJtU'H.Qii 785 

.. 4:1 QI 4AdQl" Q,d 4 .cl I 

tH 832 V.:JffWHflLCJ1Vff 'Hflnln'YIflflmflU~1f1.:J1J.:JUVUUfI~V'YIfJtU'H.QlJ 250 V.:Jffll'lffllCJ1Vff 't'ftJ11 

anllWtlllV.:J Lnfl11fil't'JUfltfl111J 111Ufll'j~VtJffUV.:J'YI1.:Ji'{lffiifJtU fflJtJlIL'HljvuntJViuVflA':I1Ufl 

GR-200A ~VlJl~.:J\lnUl1Jl...r~UllrJUlfl1v.:J1'fll.:Jfftllt~hi11Jflflfllflfl Kaiyong Tang [33] 1~\ln 
QI ~ .... r!! " " "'I L 1" "'I 'I' ..l .. L't'fOllUlIllU1Jlnfll'll~1JlJllJltUfl111Jllll1JIIlUIIlV.:Jffl'lll1V fltl ':I1ffUl1JV LCJ11fltl1J 0.00 tH 0.45 lJfI 

,tlvl1CJ1U.{ llfl::llVUUfI~fJW'H .Qiitllt1J1W 240 g.:J 310 V{lffllCJ1f11Citflff 't'ftJ111rtvfivv '1'~1J 

mlJ1Wf1111J,,rlJ,rUIIlV.:J 1CJ1'~fllJ'Yil ''lfViUVfli;iiifl11lJ11'Ufll'j~VtJffUV.:J'YIHi'.:Jff\T{I~llJ~tlnnn 
lu<WfI'H an u~,rtVflflfJtU'H .Qii'Uflll UVUUflU'vvn11 300 V.:JffllCJ1f11CitVff 'H1 Vl~lJfJW'H.Qii'Uflll . ., . 
UVUUfI l1::vil1'lf9ilU'H-U{lIllV.:J<WfI'H an1J::lilvuvvn1 tI ti'{lUUfflt11~11fJW'H .QiiVi' onU fll1UVUUfI 

.:I' 4 t ~"o QQ.J Q 4 4 I 

1JflfI~Vfl11lJ\T.:JIIlV.:J't'ffl 111nuu Haiyong Jung UfltfltUt [34] lfl'YIlflln1JVllfltflfl~'YIllVflfl ff1U 

1JflflfI':I1Ufl ''H1i1Jln LiF : Mg, Cu, Na, Si Lflfl'fttll91VUlrJui1fi'j::~U't'fa.:J{llU lfltlflam111'fl 

... J "" ...... ..l ='1 "'I ='1 '" "" .. ..l 0 ~ .1'1' dI QI

':I1UflU ,,::1J fJW fflJtJ9I'YIllJ U ~ fllflU flV llJU'YIUVflfllltJtJflfln fI.:J'YI\l nu11Jl11lUllJ LflVflll VflllJflUflt 

l~1Jfl111JfI.:J'YIU 1flV~lUfi'j::tJ1UflllCjUl~Vl~1Vfl11lJ~VU~VtU'H.niitlltlJltU 830 V.:JffllCJ1f1lCitVff. .. 
.It "" '" • L ..... ",,""CJ1.:JlttJtJ Badge IIlV{I'YIUVflflVVmltJtJ Fllter Badge fltlVfl'Hflnflll11flHfflltJtJ Monte Carlo 

Simulation ;~iifJWfflJtJlInrYn::i1vd~ energy respone llfl:: angular dependence LflVvllflll 

'YIflffVtJ~lUfllm~i'.:JffIllV.:J L't'J~VU~11JlJl~'j!lU ISO IIlV.:J Lflff (dose) It'H11{ltll 0.78-1.08 

http:0.78-1.08
http:flvtlltlvl0.05
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J. L. Kim et al. (2008) [13] U1:::1l'lfllfll'l1a1~j{iio,,1~rJU'fI:::...r9111.nViUD'fIA"l1U~ 

LiF: Mg, Cu, Si 1~m;hJm1JltlAfl111J1~1J~U'lJD~fflll~fllnJf1UltirmJ 0.2 l1J'fI1UDflCJ1Ui flDU1UDf 

0.05 l1J'fIIUfJflCJ1U~ U'fI:::CifaODU 0.9 l1J'fI1UfJflCJ1U~ 1~rJ1rnfllll~;rJ1JU'lJ'lJCifUI~Df (Sintering) 
• 	 tI 

I~U1ifll11~;rJ1JVi'j{Hgolwa (Poly Crystal) 'Vm'l1ViUD'fIA "l1u~1'111iuii~fJA011"l1U~lfhDd'l1'f11rJ 
... 1 	 ,.:t ltJ t QI 44 I .df .. ..1
lJ1:::fll1 l"l1U 1Jfl111J n Uflll~fJ'lJffUfJ~~DHff~011 TLD-lOO (LiF: Mg, Ti) tH 55 1\'11 U'fI:::l1JfJ 

..tlflllllDUU'fIj{1rJ1l'lflUml'lJ'lJ Dual-Step Thennal treatment 1I:::..tl1tfHgol'Vfa~ii~lU'I1u~iiifl'l1lio 
~AI 	 ... A 0 "" 11'" "" ~ l'llJ1:::1J1W 250 fJ~flllCJ1'f1ICJ1rJff U'fI:::I1JDU11J1UfJUU'fItl1rJtJtlA'I1fJ1J 260 D~fll1CJ1'f11CJ1rJff 1 U&1'f1110 

ulVi nDU fll1 11l1JH1U~1 'Vf'lJ11fJtlA ff1J'lJ1ifl 111JI~Ull'lDf11J\lij IU fflCJ1U iu'fl::: 1 m ~ fffl~ lo'fl1 

ltlf-w'lhu~rJuuu'fI~u,r\lo1111Jll.f~lU~l '1 

V. 	Chemov et al. (1998) [14] 'j{..tlfll1U'QOH~OlhlD'fIA"l1il~ LiF: Mg, LiF: Mg, Cu 

11 ... AI 4 ... ~ ..." '" "".4 ""AI':!11'f1::: LiF: Mg, Cu, P V11rJ1l'lflUflfllllJ'QoH'fIm"l1~I~rJ1U'lJ'lJ'lJ1~lIU1JU-ff~fJO'lJlllllfJ1CJ1~1JlJ11JltlA 

" " • 4 1 AI"" 4 1 AI" " fl111Jl'IJ1J'lJU'lJD~fflllllfJ CuF2 0.005 fH 0.1 1J'fIllJfJllCJ1U~ MgF2 0.05 tH 0.03 1J'fIllJfJ11CJ1U~U'fl::: 

(NH4}rHP04 2.5 l1J'fIIUfJflCJ1ui 1I10fll1tlmnfJtlAff1J,n;fllll;fJ~Uff~j{1rJfl111JffJUU'fl:::fll1 

tlfloiiu lUthU UV -VIS (1.5-6.5 eV) LrlDltffl111JffJU1I10tJtlA'I1 fJijtffJ~O~ 400 fJ~fllLCJ1'f1LtirrJff 'lJfJ~ 
4 ~ Ai"'" "11 ... " H'fImflrJ1 LiF: Mg, LiF: Mg,Cu U'fI::: LiF: Mg,Cu,P l'VfD 'I110~fl111Jl'IJ1 11 U'IJ'lJ1Ufll1l0~1l'lfJ1 

l1J'QijlufflCJ1U~ 1U-HTl~i'~iT~iia,~ rJ1J-W\lfJD'nfl~u ffl1'11lio 'Vf'lJ11fflUO~i'1J fll1tl~oiiU'lJD~HgO 
LiF: Mg, Cu 11'f1::: LiF: Mg, Cu, P iiliO'l!ltlA:::l'I1ljfJUnU flfJ 6dlu~1~ 1.5 O~ 6.0 eV ~tJtlA'I1fJijtfD~ 

O~ 200 D~flllCJ1'f1ltirrJff 1~rJflfJU1UfJfiithu9lfJfl1l1n~ffluofli'1Jfll1tlflOiiuUff~~~lU'Vfli~~lU'Q'~ 
fl111JU~09lH~ln~~u1UHgo~I~Dj{1rJU1JOulcrrJ1Jn'lJflDU IU Df U1JOU ItirrJ1J fl fJUIUDf U'fI::: 

-wDff~Di'ff n'lJHgo~1~Dj{1rJU1JOulcrrJ1JlytrJ~D~1~IArJ1fJd~fll1ff'fllrJi1~9lHnU'lJD~L1f1'lJ'Vfli~~lU 

~1'I1~rJ1111~U1~rJi'~iT~tJW'I1fJij'Q'~011200 D~flllCJ1'f1lcrrJff luHgo~'~D U1JOulcrrJ1Jn'lJflfJU1UDf 

U1JOUlcr61JflDUIUfJf U'fl:::~Dff't'lfJi'ff UfI'lJ'Vfli~~lU 4.0 11'f1::: 5.0 eV lI:::ff'fl1rJ'VfffJ1JnUn'lJllfI'lJ~ . 	 . 
.ct. Q' 	 a QQ QI 

4.0 eV U'fl:::l'ltJtlA'I1fJ1J'Q'~011 250 fJ~flllCJ1'f1ICJ1rJff lI:::I11JlO~UfI'lJ'VfMnU 4.0 1I'fI::: 4.5 eV 
,.r... 11 ...... "" ..... t,4 .... 

UfJ01l10UUfl'lJ'Vf'fl~~lU 5.5 eV 'Vf'lJ UH'fIOl'llllfJV11rJU1JOU1CJ1rJ1J l'VfrJ~fJrJHL~61I\'11UUU'fl:::O" 

ff'fl16i1'IJD~UfI'lJ'Vf li~~lU 'fI ~'fI~ fJth~l 1~1~1i UHaO~L'~1J ffl11~ fJ9l 1~"l1Utl1J10~U~l1J~h~'lJ 
T.C. Chen et aI. (I 997) [9] 'j{..tlfll1ffO'l!l16l'l1i'Vf'fl'IJfJ~fllllmUU'fl9lfJt11'Vflnijl~fJfti'lJ 

QI QI fI Q Q 1 "'''0 ~ ... f.! 4 ,.;I.. 	 QI.cl

f10'Vf'fl~~lUlI'fIU'lJfJ~l'lUD'fI~"l1Utl LiF: Mg, Cu, P ~rJ t~l'l1fl1H'If1'l!llU'fI:::1lJ1rJ'lJ1l'lrJ'lJO'lJ \1UD'fIfi 

__ .do • i Q fl. .d~ d 1 tI ~dQ

3 "l1Ufll'l1l1'11UlrJ UI"H'VflU"l1rJ flfJ MCP-N l'lllJUU'lJ'lJ11J~ (U1:::1\1fl UU'fIU~) OR-2oo l'lliluu'lJ'lJ 
• I 	 'tjI 

m1~ (U1:::1\1fl~U) U'fI:::Hgm;~IArJ1'IJfJ~ Dr. T. Niwa (U1:::1l'lflqj~U) 'Vf'lJ11Vi11fJ'fIAi~ 3 'lfUfI iiftfl 

QI .... 4.:s 	 0 , QI QI Of fI 0 QI ..d .e:i 1 1Y.
'I1'f10 2 'Vffl flfJ'Vffl 4 1L'fI::: 'Vffl 5 1L'fI:::1I10fl11mU1tlA'I11fl10'lJ~O'Vf'fl~~lUlI'fIU'fI1~'lJ\1'11U~ ~rJ '1J 
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.... I1:P ..,.1 I .., .1""1lUfU;''UO~ 'IF'''lfll'i'VIfn'0~tH'Uml1l9l10tJH'U0~ MCP ua:; GR-200 ~:;Ufffl~fff:lll:Ulwm';UlJatJ'U 

~hmf\j ~'U O~f2W11.fJiH1fll1 t:rfllfltJ~lU11 'l1 ~-Afll1 t:rflua:;th'Vi l'i lijl9101fl1J~fl'Vi t:r~ ~ l'U ~aU'11'a~ ~1fl . 
'tilmlUO'UUal1f2Wl1.fJijtT~fl11 260 mflWlfalCHtJff Ua:;til'UO~ activation energy (E) ua:; 

.c:l 40 ~ ~ .ct~A oQ.l 

frequency factor (s) ~~lImlafla~1110'VIlfllll'VillfJWl1.fJ1I'U0~fllmo'U'Ua'VItT~'U'Ufllllalfl1J 

~lfltJ 'Vi.fl. 2542 ~'U~~ 'Vi.fl. 2551 i'U9I'Ull11l;,1'Vi\!adua~flw:;'U0~1I1111'V1tJl~tJ 

f21Ja11'tr1i lU1 A'tilflll fffl'l:llflflfl'U lla~1itJl1~'U11fl1 0~1fli'~ fftJ l~ahA1\1flfla 1~ 'U Ham;~1~tJ1 
'trUfl LiF: Mg, Cu, P [15] [16] [17] [18] ua:; [19] A1tJt'VIflUflfllltJ\1flHam11J1J1J~fl~UlI'U'Vi1J11 
• ~ "" 4 ""GI """ GI'" "1'" "4 GI" ......lJl111Wfl11111'U1I'U'Uffl11~0'VIl'tr'VI111111:;fflll'Umlmfll'VI01 lItl1l1'UfflClf'U9I flO l'trUlIfl'U1ClftJlI 0.60 

ll1altJoi'lClf'U~ flo111tJol 0.06111altJollClf'U~ ua~vJOffvJoi'ff 0.1 111lUtJOllClf'U~ ~~t:rfl'l:lW~lfla 

lfhvJ~1Aij~lUl1'l1~-Afll1t:rflOd~tJl~1I1W 250 0~fll1ClfalCHtJff ua~ijfl1111111'U mlf101Jff'U0~'VIH 
i'~fftT~ t~1'HlIl~ffllmh~~~~fj)~'\.h1lll1~'Ull~'Ulfl10~1fli'~ff111~\ilA1\1flfla~1-f~1'U1'Ulll'Uml 
1fl'VIHi'~ff OflJ~V~ 1A'tilfll11im~0~1K'U1'Ufll1l1~'U llfl1 ~1fli'~ff111~ ~lA1\1flflal~'U Hafl 

';~!~tJ1'trUfl LiF: Mg, Cu, Na, Si [20] 'Vi1J11 ~m1l1Wfl111l!.,r1l.,r'Uffl';U~0~1-f~111111~ff1l1'Ufll'i 
... "1'" "4"1" ...... 1 .1" " .1.1" 1 .1" " !flfll'VIOl 1I\1111'UfflClf'Ufi flO l'trUlIfl'U1ClftJlI 0.20 lIallJ01!Clf'Ufi flOlJllJOl 0.05 lIallJ011Clf'Ufi 

lCJrlfitJlIua~;aflO'U 0.15111mtJol,Clf'U~ 
,., Q,I .a ~. d • '1:'I.c:: 0 0 __ QI'4 Q OJ I 

~lfl'U0\lafl~flal1'V1UOafl'tr'Ufl'U ~~lIfl111l'U1ff'U lfj)llJ'U'VI ~~ 'Ul111'V111fj)tJua~'ViIlil'U1910 

1fltJ1-fl'VIflijflflll1f1; tJlI~~1~~ 1flfl~1I1itJ1 'UtJl ~1'VI fl!ml1aflO ml1~; tJlIl1Uoafill1tJt'VIflij fl1J~ fl~ 

lll1'U [21] ~~rrhitJfl1fl111~11fj)~1AfJWffll1J1i~U~fl~H~lm~1I vf~dlrlo~~lm~'U!'VIflUfl~ifl 
~ ...... ..1 1!"G1 "~I ... ",.N..I! , , A ""1flHfflH unit cell 'UO~al1itJlI1'ltl00 lf11111lJ'Ul~11JtJ1JlIlfltJ~'U'U Clf~~~ff~Ha~Oflll!flaO'U'VI'UO~ 

6!gfl~1O'U.fl1tJ1'U O~ 91 ollua~fJw fflllliifl11111~'U1'VI 0 1111 \1ijm fflClf'U ~ !;40111'1A.,r0\la1'Uml 

l11li1'U 1!fl1 0~1fli'~fftJl~\i19i1\1flfla~01tJ 
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1 

, 
tJ'fI'fI"" 3 

J 	 I.Q QI ".;. 4 d 1 ill d dl d dl'U1J'YI'U~:::fl(l11f1.:J1ff~~,jfl'iWU(I:::tfl'iV.:J1JV'YI 'lI' 'Ufll'it9l'itJ1JH(lfl'YIUV(I~ 
.:::I 4119.:::1 .:::I 	 Q.IC:to I .d dl 44.:::1.j

m:::1J1'Ufll'i t9l'i tJ1JH(lfl'YIUV(I~ U(I:::fll'i'YI~ffV1JfJW ff1J1J9I9Il.:J ~ 'lJV.:J'YI H(lflUV(I~'YIt9l'i tJ1J'lJ'U t'll''U 

fffl'l:l1~fl'l:lW:::'YI1.:Jfll tJfl1~ fffl'l:ll'i:::'U l1J'lJV.:J Hiifl~1m'YIfliJflfll'it~tJ1t1J'U i'.:JffmflCJf fffl'l:llfJW ff1JmI 

:'1 	 "1 Q tI 0 'Q"QI QI QI "4119...:1...:1
fl1l1Jt lJ 'Ut'YI V'i 1J \11Jt'U fftC)f'U 91 U(I::: fll'i fll'U 1W 'H lfll~ l'i l1Jt91 V 'i fl1J ~fl~ (I.:J.:J l'U ~ (I 'U 'lJ V.:J H(I fl 'YIUV(I ~ . 	 . " 
1~tJl.ut'YIfliJflfll'i t,j~tJ'Uu,j(l.:JVmlfll'i1,rfl1l1J~v'UVil.n 'U fll'itll'Ufll'l../11J1WU ff .:Ji.:Ju9i 1 V.:Jfl'l 

.... ~SI
3.1.1 D'11UUlfHV 

'" ... ..1 ~" ...g .
3.1.1.1 	 (lt1itJ1JTt\1VV !'i~ (LiF) (1J'it!'YI1i 99%, Riedel-de Haen) 

3.1.1.2 	 U1Jflih;tJ1Jcjf(lt~91 (MgS04.7HP) (1J1t!'YIi 99%, Fisher Scientific) 

3.1.1.3 	 flV,jt,jV~(II)cjf(lt~91 (CuS04.5HP) (1J1t!'YIi 98%, Fisher Scientific) 

1 ..." 	 '" .g3.1.1.4 	 C)ft~tJ1Jfll'i1JVt'U9I (N~C03) (1J'it!'YI1i 99.2 %, Riedel-de Haen) 

"'''' ~ " ",.g3.1.1.5 	 C)f(lflV'U(II)VVfl !C)f~ (Si02) (1J'it!'YI1i 99.9%, Fluka) 

3.1.2 lD'~'ltJfl1~;h~Ufl11Igi1rJ"Pllt)dH 
4. cL Q...:I Q 0 I Q'j/

3.1.2.1 	 tfl'iV.:J'lI'.:Jffl'i'll''U~(I:::mtJ~ ('YIfl''UtJ1J 4 911U'H'U.:J) mlff'Ufll DENVER 

INSTRUMENT 

3.1.2.2 	flmm'i"tfl'YI 

" . 
3.1.2.3 	 'I1lfl~'U 

3.1.2.4 	m~'~1~'ifl'iV1fl 
4 	 . .

3.1.2.5 	 tmV.:JHff1Jffl'iU1J1J Magnetic Stirrer 

3.1.2.6 	tfl1v.:Jv~'~~'iViifl Minipress 1J11:i'YI Philips 
IQ t/QI d 

3.1.2.7 	U1J~1J~V~t1J~ffl'i 

3 .1.2.8 	m~'H~1J~(llff~fll ffi1V~1.:J tTl'H i'mntJi'.:J ffmflCJf 

~ " 3.1.2.9 	fllC)fmmv'U 
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3.1.3 ~tln101.;h~unl'n.l\1nNanl't'ta 
3.1.3.1 !~l'H~tllJfJW'HfJ~\T.:J 1400 tl.:J~WIf~!CjH.lff ~ff~H l~tJfl~lJlim!nl 

mfll'lfl~iYmY flW::l'Ylrnfflff~{ lJ'Hll'YltJl~tJfJ1J~'jl'lfYilij Uff~.:J''Um'W~ 3.1 

.Q 0' Q QI .d. 

flW::l'Yl rnfflff~'j lJ'H 11'YlrnmJfJ1J~'j l'lfYil'U 

<JI ......., d 

3.1.3.2 !1Jl'H~tllJU'W~~~'UlJ Uff~.:J 'Um'W'Yl 3.2 

...::t" .Q Q,I

Ill't't'fl 3.2 !1Jl'H~tllJU'W~~~'UlJ 
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_I J~~ .ol ... "".l' ... ... J_I
3.1.4 ~un'fDllll'D ! ....m'futln'U1nl'HIIAl'.Il"llrullft....fUl1J1J1J'f~H1U1J.... 

... _I .ol ... .,; IV ...".,; IV J,. • 
3.1.4.1 lft·HHugmn;tm'l1-3lftfl'l~tHdn'~U1J1J'lJ'.i ftl1Ull'U 'tl \lfl'VHtl'U 1~'U 1 ftflfl/:lll 

17f11iflftW::1'tlfl1ffln'ft! llln1'tlflltitl'21JlI'.il'l1tilil Un'ft-31'U flTVi~ 3.3 

" .,; 0 lIJ_.I " Ji d.... _I 0
3.1.4.2 l1Jl11l1Vll'tlHm ::m)fI'tl'tll111f1Um 111ft CJf-3llllfl'l:JW::ulllf1Ul1l11l'tl12;11l 

60 6-3ffl Un'ft-31'UflTVi~ 3.4 

r , 

..." d 0 , ••1 " .fl11't1l3.4 l'lJl111161l'tlHm::'lJ6f1'tl'tll111f1Um 11ft 
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• QI QI 0 Q,I. 1Mdot!
3.1.5.1 lflHl"1f1Hff 1:::'iI1fl11.JflfI'" (Electromc Pocket Dosimeter:EPD ) 

Model PDM-253 'I.i~li'Y1 ALOKA Co. LTD ~Hl\.jfll1t!i'1ll'iifJ'I.J1f1mhwnHU'V4~""ltAt!nJlt\!l~tJ 

UtAA Ufffl"'tAm'V4~ 3.5 

.... 
VI 3.6 

.4 Q " .. I Old. I

3.1.5.3 lfl,tJ"1lfl'n:::l1U",:::t!,:::l:IJWfllm:JJlWHff lfl1tJ"tIltA TLD itA 3500 

'l.J1'17V1 Harshaw - Bicron Ufffl"'tAm'V4~ 3.7 
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. . 
... ..' 'AQI1l1,,'fI 3.7 lfl'HI.:JV1'U TLD Harshaw l'U 3500 'IJ';j'l:lYl Harshaw - Bicron 

.0\4 'i' v dI 
3.1.6 Ifl1tlUltl'flYltftl'IJIfl'Htf11.:JNDtl 

~ 1 " dI .d ... .r " .. Inf1'l:11 flHffll.:J4IltJ.:JFU1f1Y1lf1fl4ll'U fl1mmtJ.:J X-ray diffractometer (XRD) l'U X' 

Pert MPD ~,rtJ Philips lflvlcN eu Ka. LrJ'Ull't1n.:Jtll1ilfli'.:Jff (A = 1.5406 A0) ~.:JlcNi11Jti'IJ 
" .. oCrl" .. dQ A 61 • ~ ....QI " 

1,,hum1J11ml::11 X' Pert line1.3b 1'VW11flll::'t1l::'Ul'IJ4IltJ.:JFff1f1Y11f1fl4ll'U l'U~1tJVHYll~lV1J Lfl 

ufffl.:J''Um....~ 3.8 

1l1"~ 3.8 lflitJ.:J X-ray diffractometer i'U X' Pert MPD ~,rtJ Philips 

http:line1.3b
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'1 " 0 q J&CQ Q .ct Q Q.ct ....J , cI .. .cS: ... 1 ... 1 t/.QQ 

l~Yllf)1'HfI'HJll~lIflYlmHl~'ti''UpH'HTHllll1~tltl 'j~: Ullfl'U1CJtVll fltluLut)':i CJtllfltl'U 

" i~~tl11Hl fitl 
,

'" '" "'... .. .. "'11'" "' ...3.2.1 fl1~1J lUfl11Ifl1t1l1't1UtltlfltiUflFU'Ifl l't'lt1f11tll't1 flUflfl11't'it1tlll't1~W't'i(JlIi.:J 

1111"lflf)1'j';~t,.,nf~i'U~iji'ii~Vll,"~tltlhpf (LiF) 1~'U1.Tl'j'l11!flijfl11111J;tl'Yli'\Jtl~1.Tl'.i 99 

.1" " ... ... ...... .. .. ... ..1 ...... d 
llJtl'.iLCJt'Ufi lUl~Lflll1.Tl'.iL"tl 4 'ti''U~ fltlLllfl'U1CJtVllCJtllLl1f1 (MgS04.7HzO) llfl1111tJ'.itl'Yl1i'\Jtl~1.Tl'.i 99 

• I"" .1 • I" "' • .1 ..:..... d • I" " lutl'.i LCJt'Ufi lUl::fl tluLlJtl'.i (II)CJtt;lLl1f1(CuSO4.5HzO) Ylllfl111JtJ'.i tl'Yl1i'\Jtl~1.Tl'.i 98 lutl'jLCJt'Ufi 

1 ..." ..:...... d .1""........ lJ " 

CJtl~Vllfll'.itJtlL'Ufi (N8:zC03)Ylllfl1111tJ'.itl'Yl1i'\Jtl~1.T1'.i 99.9 lutl'.ilCJt'U9I LUl::CJtt;lfltl'U(II)tltlfllCJt~ 

"" ... d .1"" ..:. ~ " " ...(Si02) llfl1111tJ'.itl'Yl1i'\Jtl~1.Tl'.i 99.9 Lutl'.iLCJt'U9I Ylu'.illlWfl1111L'\Jll'\J'U'\Jtl~1.Tl'.il"tl 0.2,0.05 ulI::0.9 

l11llLtltl!LCJt'U~ fll11';'AtJ"lmf'Ut111.Tl'.i,f~'I111~~'~tJ~1.Tll~1mYlfliiflUtJtJlilvfl,'UJlfl~'Ul~v 
fl1'.i'oM'lfl1tl~ Magnetic Stirrer 1~'U11111 3 ';1111~ 'rilfl1'.i'.i::L'I1VJlfl~'Utltlfll~v'<N hot plate ~ 
~w'I1lJii 150 tl~ffl1CJtt;lL;V1.TL~'UL11111 ';1111~ t111.Tl'.i~L9I1Vll'~U''Unrl'11l1tlllL,rl'11l1tlll 

uTtllfl;1t1iJ1Ul::t11'tJ'I1t;ltlll~1m9l1',"fh~~W'I1lJii1050 tl~CJtllCJtt;ll;tJ1.T l~'UL1t;ll 30 'U1Vi [14] UlI:: 

[15] ''UtJ'.i'.lmfl1fffilCJttll!fltl'U~1tJt191'.il 2 i'i9l'.l~tl'U1Vi U1.T~~''UmTt~ 3.9 

Platinum auc:lble 

Pressure gauge 

. . 
... •14 1""".... "" ....1ll't1,.. 3.9 u~'UmTtf)1'.llJ\'Ifl~lIfl Ttt;l~1mYlfl'Uflfl1'.l'Ht;ltlllYl~W'I1lJllq~ (Melting method) 

http:UtJ'.i'.lmfl1fffilCJttll!fltl'U~1tJt191'.il
http:0.2,0.05
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: 0 'I "14/ d '" I d • 14/ dllJ"" " 0

\'I1 fllJ lJ'YI1 L'UfClmUlJ~ 1C1~OUH'.i1'll'.i 1 UlI::lJ 1FU'1 fl'YI l flll1Uflfl1UfI'.i flO 1'.i lfl'YIUCI:: 'YI1 

",.:I. 4t1 1 "" lIJ1 .... d"" :'1 4.fll'.i'tl~fla'~l~O lJ flUfll'.illHfl1Ufl'lflt8 flnlllO'.ifl'YIfl1111~'tI1l'tllJl Normal ~lJlJL1l11 10 lJ1'Y1 lJ1 

Hafl~1tttltfH~1UJ1flttlJUll:;'.i::nwJ1flttlJOOfl1flUl.f hot plate ~~W'Ulij 150 0~ffWI1C11;Ua' 
~ I • ~ 

~lfltl'lJt11Hafll11tttl~llJfll'.itlfllWfl'tllJ1f11,m'tllJ1f1111flfl'h 90 111mOlJ t11H~1t1.;~1,rljt1THtl'fl 

... ... ...... 14/ ...... 
3.2.2 fl1:ml'Um11fl'nJlI'fIUfn;'lfl'W'UflNam'W-Itl~UJ'J 

i~ll\'llflfll'.i ,t~a'lnf~~lJ~m;(imJvJ \l00hfl' (LiF) ~r1lJ a'l'.i11 tiflljfl1111U~fJ''YIi 

...... .t tI" tId !II": I ..s! 1 tI" " (Si02) llfl1111U'.ifJ''YIfi'tltHa'1'.i 99.9 1 6'.JlCl1lJ~ 'YIfl11111'tlll'tllJ~~U~ 0.00 t'I~ 1.50 lllli 6'.illlJ1lJ~ 

~lmflJ \ha'l'.i.J~1111fl~1tttlHa'llflUa'1'.il;6~1Ul'YIflij flU UUlilf.Jfl (Wet Mixing) ,'UJ1fltt'U1flu 

fll'.il.fLfl16~ Magnetic Stirrer .r1'Unln 3 ,t1111~ ~lmf'UYi1fll'.i'.i::l11f.JJ1fl1flJ66fl1flf.Jl.f hot plate 

~t2tu11(lij 150 6~ff11O)flllC]ma'1~'Unll1 1 ,t1111~ ,f'U~6lJfJ'fl~1f.JU1a'1'.i~1~;U1l1~rlllJnr111l1611 
"ijflUfl'l1,"~fll;liillUll:;U11t1U'tI1lJ l'U';6t1\1flHafl Ua'fl~'lJIlTW~ 3.10 

inner furnace 

850 950 1050 

Temperature ( .. (~ ) 
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1,000 

900 

800 

700 ,-.. 
U 
~ 600 

~500-G400 
~ 

!300 
~ 

200 

100 

0 
0 10 15 20 25 30 35 40 45 

Time (br) 

Ill'rt~ 3.11 tiflllW::Ufl'H~tJU"'UV'HJW'H !,Jii'UV.mll'IHH)1JU'l.l1H'1V.:J 1 C)fU'UV.:Jlfl1 V.:JtJ~fl~~ml 'l.l'l.l 

.. " 'l.lHHIU1Jt.j [22] 

~ 	 ~ ~ 

fll'jtJ~fl~~flihju~VUfll'jtJ~fli.:Jil f!V 'liuum1~filfll'jtl"mfllffVVfl~lfl';VtJ~fl~~fl . ~ 

l,rih::i'l.lfl111Jiuq'qJt)Pfllff 10-4 mbar l"tJlcNn,nlufll'j'H~V1J 10 i'111J.:J ~lfl,rufilfll'jtJm~l 
.r.ll'" d ..... lo'l' ~I .... 'I' 'I" lo'l' 

'H~V1J'UU~1tJvmlfl111Jln 2 1J~~11Jm~V')f1 11J.:J 1lJU'j::tJ:: 40 1J~~11Jm l"tJ l')fn~l 24 ')f1 11J.:J 

~lmfutJrlvtJl,rlgui1~.:J~fJW'H!,Jii,rv.:J~1tJij~'jl 62.5 V.:Jffl1C)fmCjftJff~vi111J.:J lcNn~l 12 i111J.:J 

lrtV~hum ::'l.l1Ufll'jtJ~fl~~flm;'1 1~filfll'j 'Vl" ffV'l.lfJW ff1J'l.l~~ 1.:1 '"1 'UV.:J ~~fl . 
;;uv~~;;l~ltJ1J1~ 1"tJfilfll'j'Vl"ffV'l.lfJWff1J'l.l~~1.:I '"1 i.:J~v1tJil 

~ 

..,
3.3.1 	 i.lflllQ.!::rnUmJIll'rt 

'I' ... ... lo 1_ I .s.,. .,. ";1.l1 ..,. · ='1 A 
l"tJfll'jff.:Jlfl~~flllW::'Vl1 lJ'UV.:J~~fl'VlUV~"'Vl ~l 1')f'U ff fl111J'\IU fl111JllJ'U1UV 

... 
3.3.2 	 1::'U11J'U8.:JNi.lfl 

• .s.,. .,..,;.,. 1~_ I • ~ 	 .s .,;.. .r.ll 4 
Ul~~fl'VlUV~"'Vll~'j tJ1J ~ I lJ'Vllfll'jl'lfllll'j ::Ul'l.l'U V.:J ~~fl'Vllfl"'UU~l1mfl':i V.:J X-

ray diffractometer (XRD) 1U X' Pert MPD ~,rv Philips l"tJlcN eu Ka 1~UU'Hrl.:Jtill'U"i'.:Jff (A = 

A .l! 'I'" ... '1'_1 .." 4 .." .s .,; .. .r
1.5406 ) C)f.:J 1')f'j11Jfl'l.l IlJ'jum1J11fl':il::'H X' Pert line1.3b l'ViV1lfl':il::'H'j::'Ul'l.l'UV.:J~~fl'Vllfl~'UU 

..- !'I 4"... 4
3.3.3 	 tJQ.!&umfI fllUUlJ'Ul'fI81 !1.Ig1.lI'UillCJS'U fI 

'I11~~fl;; UV~~~1~ tJfilfll'j'Vl"ffV'l.lfJW ff1J'l.l~fl111J l~Ul'VlVn 1J~iil 'U fflC)f'U ~ 

1'liU tiflllW::lfl~11fi!vJ fl111J 1 1~Vfll'j~V'l.lffUV.:J'Vl1.:li'.:Jff ~~'UV.:J'VitiH1U~ij~Vfl111J11lUfll'j 

http:line1.3b
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~V1Jff\.JV~<Jivi'~iY fl111l1~\.Jl;~nJ\.J nl'Hn~l11ll1'I.J'UV~fftyty1WUff~ fftyty1W i'~iY~nflH u,,~m'I 

\hmr1J1I1lf~1\.JJ11~lIU1l~~;1UV,,~1'I.JU1lli'~ihvnCJ1~'VH.;~~1\.J 128 keY ~mlllwi'~iY 100 

mRem v1mf\.JU1l~~;1uv"ti1'I.J'ti1m'I11fln~tfUm:'I.J'I~liiwfhm1l1WUff~~'l.JftVlIVVnll1V1n;1 
-2 ... • q QI 1 <> 0I.cQ"

UV"~"1l11mV~V1\.J TLD 1\.J 3500 'UV~1Jnfn Harshaw Bicron ~lI'YI1m'I1J\.J'YIn'UVl.!"fl111l 

~v\.J~1cfl\.Jm'Im:::~\.Jl~~;1UV,,~i~U~fJWl1fJii 20 V~ffW1f",tillff il~ 300 V~ff11C)f"ltitiff 
o , ....,J..,..,.., ,J ... ....... ft.1 ,,J


3.3.4 fl1'U lD.1t'i 1fl1 'Vt 1'.1 nUgJ tl'.l n1JYl n'Yu,H-311H) ll'U"tl-3NllmUrttllln\ltltl '.I Yl : 

... ... ftl_1 ,J ........
UlIn'U101ftlll, fltlulutl'.l, '1JllntJ'U 

1 " <> (; I q fI Q,I 01 QI 0' Q.4 ...J 1"4 
~'YI1m'Ifl1\.J1Wfl1"'ln1l1~V'Inll~n"'''~~1\.JV''\.J'UV~N''n''l'YItlUn~VV 'I~ : 

ulInihtitlll, flVtll1JV{ CJiiinv\.J ~I~; till1,n~tI1cHl'YIflilflm'I lt1~tI\.JU'I.J,,~ t1~nm'I1,rfl111l~V\.J~ 
~ :K "'1 I F- t. ... ...Q... I _ 4 ~1~ l\.Jm'Im:::"J\.Jll1~'YIUV"~ ~tlV1\.Jfll1J'I1I1WUff~~~11~ 1 V~ffW1f"'C)fllff O~ 20 V~ff11C)f"1C)ftlff C)f~ 

ii,f\.J~v\.J,r~;5fivU1l~~;1Uv,,~~1~t1Ultli'~fflVnCJ1~"'~~~1\.J 128 keY ~m1l1wi'~ff 3 mGy. 

v1mf\.Ju1l~~;1"V"~1t1'ti1m'I11fln:::tfU,,:::t1'I:aiiwfhmlllwi'~ ff~1t1lfl1v~~h\.J TLD 1\.J 3500 

4 QI <> Q,I"" t, Q _.c2 
'UV~1Jnlfl Harshaw - Bicron 'YI1m'I1J\.J'YIn'Uvl.!,,~~,,~t;!Wl1fJlI 20 V~ff11C)f",C)ftlff O~ 300 V~ff1 

1C)f",titiff lfn"l'\.Jmn-;'\.Ju,,:::-u\.Jnml'vl.!" 60, 120 ",,:: 180 1\.J1;1 ~lmh,r1JV1mf\.J'ti1m'I 
-u\.Jnn~m:lw:; 1n"11fl{,"~1t11t1'Iumll COCD U,,:::\hfh~l~ 4'J ~1~1I1ri1\.J1W1~tI'f1111~"'UV~ 

m\.J~V"ftu"::1,,fi1Jff (Randall & Wilkins model) [8][9] 1m::: [10] ~~I~\.J1tJ~11lffllm'I~ (3.1) 

T;, E 1 E
In--(-)- = In - (3.1)

fJ k Tm sk 

... '" 0' ........,

11IV Tm flV ~lUt'i\.J~t;!Wl1fJlI"'fll1"n (K) 


p fiv t1~nfl111l~V\.J~',fti1l1~~;1UV"~'Uw~~h\.JmlllWUff~ (K/s) 

k fiv ri1fl~~'UV~ 11l"~C)f,j\.JCJ1 (Boltzmann's=1.381xlO-
23 

J/K) 

E fiv activation energy (eV) 

s fiv frequency factor (lis) 
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ftl'UltlUJ11;iun.'Utll1tfgtlNDtl 

...... ,~~~mHIlVlfJlJt 'JI ..... '" '"' ~ 'Uff1'j't1f1fHU'l~QfH\l~i'l1fJffl'n~~... '" 'JI '" UlJfl'U1C)ffJlJ\l~~ 'HH 

"'m 'JI 'JI 1 11"' "' 11 11 "' "'m(MgS04.7~O) VI 'i1JlWfl11lJl'lllJ'll'U 0.2 lJf11 ~'ilC)f'U~ fl~ 1 ~'i (CuS04.5~O) VI 'ilJ1W 

'JI 'JI 1 11"' Q "'1 "" "'m 'JI 'JI 1 11"' Q "'fl11lJl'lllJ'll'U 0.05 lJf11 ~'ilC)f'U~ C)fli'lfJlJ (Nll:2C03) VI 'ilJ1Wfl11lJl'lllJ'll'U 0-2 lJf11 ~'ilC)f'U~ 

! Uf1~VllflTH11f1v'Um1JlW ffl'il\l~C)ff1fl~'U(Si02) VI m'ilJ1Wfl11lJl'lllJ'll'U'lltNffl'i l~~~~U~ 0.00 2
O.J .. ~.Q .d " " AI l- , 

1 11"' "' 0'"•.00 lJf11 ~'ilC)f'U~ ~llJf11i'l'lJ 

'hUl1~lVi1fJ'JJ'~tfNmJ''U,htlti''U1VlfJ'ihfl10~ magnetic stirrer 

.. . .n"o cv ~ .et.a=. 01~111fJ'UltlU'U00tl VlfJ ,. hot plate flI2Wl1-t!'JJ 150 OC 

/\ 

tfgtlNDtll'Wa~br.uflflufl Melting method tfgtlNatllV~1~fJl~lfJlflflUflUtl'lJ'lJ1Vl~U'JJ'U 

1 
..., 4 ~ "'"..., "., 1ft "'" a I " flVlNatl 11'JJ'\I'U1Vl 5 'JJ'JJ. x 5 'JJ'JJ. xO.5 'JJ'JJ. 

ijual'JJfl111'Ul 0.6 ijual'JJfl1 

OVlI'JJVl'\l'Ul 11'JJ'\I'U1Vll 'UHltJ'UOtlaH 4.5 

, 1 
~I 4 ... ", ~~. "'''' tftf" ...... 1flVlUO'Ui2tl&U'JJUflflH 1'UO~HumUflO'JJ goo 1Vl: U'JJtl'U1C)fO'JJ, flO 1 01, C)fatlo'U VlfJ 

ff Q.I ... 4 Q- fl1l1f1flllW~Vll~fllVfll"''ll~~Nf1flVlU~f1~ 

fj 4~ '" .r "' ... "' 

-
- fl1l1'i ~ 'U 1'lJ'll tN Nf1fl 1VlVlfl 'Uflfll'i lf1fJ11'lJ 'U'N ffl~flC)f 


fl1l1tJWfflJ'lJ~fl11lJl 'U1Vl~'i lJ\llJl'UfflC)f'U~
fj ..... ~ "'1'" "' 

- 'VIlth effective atomic number Uf1~parameter fiH~~fflJl'i''U;ti'U l~fJ'~lVlflijflVll~ 
... ... "' 'U11flf1fJ'i 
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'~'t'i1fll';i 'VI ~ (1 ~N'I11Um !~tJ'\.nl'fJW '11 fJii'tlv~!\9Il'I1 (1V lIU 'U'U";V'tlV ~ !f11 v ~tJ \lflNnm~~!~ tJ1 

i 'Ufll~~ 4.1 1~tJ1~fJW'I1fJii~\9hm1'\.j~~1~ '1 'tlV~!\9I1flltJi'U~~~~fl(1H";vtJ\lflNnfll~tJu'tl1'Ut'VIVf 
111fl-n!~(1' 1'~~~~~fl(1H";VtJ\lflNnmh~ ~lfltJ(11tJ";VtJ\lflNnfl 7 CJ111. , ~!f11V~f11'UfJlIrlV'U 

~A.I'" , v 1 i v..l.li "" '" "" t..,j .j 'AI
m~u(1' nun }11\911 ~tJ 'I1'V1~~fl~fl(11~!\9I11lfJW'I1.fJ1I 1000 V~fY1!CJ1(1!CJ1tJ(1' ~lfl'U'U!(1V'U!\9I1'tl'U lJ 

v , v 0 I "1 "'AI!i 1.Ii V 1I '" I
~1'U'U'U 'I1\911LL'I1'U~1'VIV';i 1If1lJllJ(1V~'I11~~lfl~~fl~fl(1H'\9I1 1,2,3,4,5,6 !CJ1'U\9I'lI\91';i'VI1~~1'U(11~ ~tJ 

, '" ,
U~(1:~l'mu~;fv~';ivi,rPlW'I1 niJfI~ii~~'lj-lJiifl~lVW '11 niJ'tlV~!\9I1 ~lflU'U!~V'Ul\9l1M i ,r~hu 'I1'\.J ~ 

.. "U q '!U 

"1 "'A I !i '" v 1 I II .Ii 0
L'VIV';i 1If1lJllJ(1'111~~lfl~~fl~fl(11~'\9I1 1,2,3,4, 5 U(1~ 61CJ1'U\9I!lI\91';i'VI1~~1'U'U'U ~tJU\9l(1~\9I1U'l1'U~ 

;fv~';i vi,rfJW l1.fJiifl ~~~~-U'U iifl~lfJW 'I1.fJii'tlV~l\9l1 'ti1~1~'~1I1flfln1~1I1!;jtJ'U fl';i 1-nU(1'~ ~ 
f11111ffll'ri''U,r';i~'I1'';h~';i:tJ:'VI1~' 'Uu'U1~~'tlV~l\9l1,.;vn'UfJw'I1fJii U(1'A~''Um~~ 4.2 1I1mr'U 'VI~ (1V~ 
'ti1(1'n'l1lifl~ lI:tJ \lfl Nnfl1l1'V1~(1V~'I1(1V1I1 ~ tJu 'tl1'Um'lf'U ~ 11 1fll tJ u(1'A~lifl'l:lW:'\9I1'tlV~lfl1 V~ 
A 1.c9 """ 0 0 I VA I1 v,
lJ\I flN (1 flU'U'U'U';i ~ ~Ull'U lm:01';i 01'11 'U ~\9I1U'l1'U~01';iU'tl 1'Ufll'lf'U~'U';i';i ~(1'1';i AtJlI:\9IV~ 'I1lJ(11tJ . ,

fd. 0 I ~ Q 4. 

'tlv~m'lf'U:'Un ~(1'nV~'VImu 'I1'U ~fJW 'I1fJlI 920 V~il1!CJ1(1!CJ1tJ(1'!'U V~ 11 1fl~~l1(1 Vllm(11'tlV~(1'1';i 

'11 lifliit'ntJlI-n\lVV h,)~i~ fiv 875 fNil1!CJ1(11OUtJ(1' ~~.J'UfJW 'I1.fJiJ~i~~:;fV~lI1flfl"hfJW'I1.fJii'tlV~ 
~Al1(1V1Jm(11'tl tl~(1'l';i'l1lifliil~ tJlI-n\lVtl'';i,)r~v, ,r(1'1';i ,fi~01';i'l1(1tllltld1 ~ (1'lI1,P Wl ~';i1:fJW '11 fJiJ~ 

1~fitl~lU 'I1U ~mtJ' 'Ul\9l1'U Vflm'lf'U:'U';i';i 11 (1'1 ';i• 
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• 
~rtUlptraturt 1 

inner fu rmlcc 

1050 

(onlroUrr i Tcmpcratu."c ( 0 (. ) 

m'W~ 4.2 ti'n'l:!w::;fJW'H QijmfJt\..IvlO'UO~tfi~o.:j'1l ~nfl~mt1J1J1Jl~ ~UlJ\..I ~9ilU'Hti~ fil'j U"11\..1 

m'lf\..l~1J'j'j ~ffl':i 
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111fl'.itl u ff~.:j tlm:IW~l~l'\1V.:j lf11v~tll'I flf.l~flU1J1J1Jl ~ \l'mJUUl'l~ fl1 '.i Ii111U~~lU11 U~fl1 '.i.. .. 
91 'I 91t1 .'" o. ...

U'\l1Ufll')j''W~1J'.i'.i~ff1'.i 1~t1l1~~V.:j!l1 l'I1t1'\1V~fll')j''W~1J'.i'.i'ff1'.iV~Yl~lUl1'W.:jfJWl11J1J 920 V~ff1 . ." 
lC)fl'llCHtlff li'lV~111fll1~l1l'1V1Jml'l1'\1V~ff1'.il1nflnlntl1J.wl'lVVhfi'fi,-N fiv 875 V~ff1lC)fl'llCHtlff in!u 

q .. 

f.JW l11JiI~'-N11:~V~mflfl11f.JW l11JiI'\I V~~~l1l'1V1Jm l'I 1'\1 V.:j ff1'.i11 tlflnln tJ1J.w~VV''.ifi'l~V'~ff1'.i 
lfi~fl1'.il1l'1 V1J VV1.:j ff1J \J'.i Wl'W'.i 1~ f.JW 111JiI~1~~V~lUl1ti~fll t1' 'W I~ 1'W Vflfll'11U:1J'.i'.i 1ff1'.i 

I,noo 
900 

800 

'HID-t. (,00 
e 

500:I.. .... ..no ~ 
E 300 
~ 

200 

IUO 

0 
0 10 15 20 25 30 35 

Tim ... (bt) 

... .:. ... "'". .... ". • .1 lIJ" d .....t tI" d " 
l'.i1J111flfl1'.i')j'.:jff1'.il1l'1flYl1Jm1W1Jn~VV l'.i~ (LiF) 1Jf1111J1J'.i1:J'Yl1i 99 1 V'.ilC)f'W~ m'l~ 

.... "" .... "" d d • .1 "'".... .t tI" d " 91l~1Jff1'.il'ilV 4 ')j'U~ f1VU1JflUlC)ftl1J<imn~ (MgS04.7HP) Yl1Jf1111J1J'.i1:J'Yl1i 99 1 V'.ilC)f'W~ ~1tJ 

mmw 0.20 l1J(HtlV~l~UI9l' Ul'l~ f1Vtllt1V~(II)<il'll.w~ (CuS04.5HP) ~1jf1111J1Jl'l'Yli 98 

"d "91 .E 91 91 "i' tI" d " ..... E "" "i'''' " 1tI V'.ilC)f'W~ ~1tJ1J'.imWf1111Jl'\l1J'\I'W 0.05 ~1Jl'Il V'.ilC)fU~ 1~1J1J'.i1J1Wff1'.il'ilV lC)fl~tJ1Jf11'.i1Jmu~ 

iI gj t iI f 

'il1fl,rUU1ff1'.i'r1.:j111J~fi'~tlf.lff1J~1tJ1Ylf1Uf1U'lJ1Jliltlfl (Wet Mixing) 'UU1fltlU l~tJfl1'.i 

'-Nlf11v.:j Magnetic Stirrer l~Unl'll 3 ~111J.:j Ul'l~'.i~mml1mtuvvfll~tJi-N hot plate ~f.JWl11JiI 

http:V~mflfl11f.JW
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150 tl~f1Wl1lltC)ffJff!rJ'Unm I .,71111~ ,f'U~tl'U~i'l~lfJ'I11ffl'i~&\.i~fJ1I '~rl1'Ufll'lf'U~1I'i'i~ffl'mll~ 

'111 'tlW'I1'U ''U'Yitltl~flrlt;fl Uffi'l~ 1'Ufll'W~ 4.2 
~ ~ ~ 

m::1I1'U flU tl~ flrlt;flihr'U~tl'U fll'itl~ fl~~ij ti tl .u'U U'i fl , ~';lfll'i~i'ltl1fllf1tltlfl'il1fl'Yi tl . ~ 

tl~flrlt;fl,,rih::~1Ifl1111~'U~tyqpfllf110-4 mbar ,,rnlll1'Ufll'il1lltl1l 10 i1hH 'illfl\J'U';lfll'ifJfl 

~ ,,'" d '" '" I':" 1 ~I .... "" 1 " .:.. 1t~1l1lltl1l'U'Ui'l1fJtl~'ilf11111tn 2 1Illllt1l~'i~tl'lf1 m tu'U'i::fJ~ 48 1Illllt1l~':I' 'lfl1m 24 'lf1 11~ 

'illmr'UtlritlfJl,rAg'Ui1ll~~f,/tul1fJii,rtl~~1fJfl~'il 62.5 tl~f11tlllflltC)ffJff~tl.,7111l~ ,,rnm 12 .,711m 

'illflfll'i'YIi'l lltl~ 'W1I11"fl1-Jtu ::'Utl~ ~flrlt;fl~'~ij"fl1-JW:: N1'U tl ~ \l flrlt;flijff~lt~ tl~ 'ill fl 
tl'UA~ tl'UUfl 'i , ~~'illflfll"lf'U:: 11 'i 'i ~ ffU U~fll fJ' 'U ij"fl1-Jtu:: 1fftm::"fl1-Jtu:: rlt;fl 'il~ ij ff'U 11~'U1I1fl 

d ~ .o!l 0 .Id.~ " 'JI .-!I "'''' ~ '"I " 
fJ~ 'U'U t1ltl 'YI1fll':l' t u II fJ'U u 'i1l1W fl1111 t'U 1I'U'U 'U tl~ ffU A'iltllllfll fl tl'U1I1fl'U'U ff1'U II fl1-J tu:: ':I' tlfJ'i 11&&ll::: 

fll':l'l1 II tl1l 'U tl ~ ~ fl rlt;mrltl if~ tflYJ ~1fJ~lttl ri 1 'W 1I";h ~ fl rlt; flij fll 'il1 II tl1l..f~~flUll:::ij'i::'U l11ti1l 

"" ~ '''' .ll.o!l 0 ... <!l " , "" 1'" "" 111"(Cleavage plane) Ifli'l'U'UtlfJl~"lfi'lt'il'U 1llf~11Itl'YIlfll'i~i'lf.lllfli'l1fJ 1I1Ii'l i'lV "lfUHtfl1::i'l1VCJltl'U'il::: Li'l 

(fl) "fl1-Jtu::'YI1~ fllVfll'WfllV'U tlfl'U tl~~flrlt;fl ('U) "fl1-Jtu::'YI1~fllVfll'WfllfJ1'U'Utl~~flrlt;fl 

1I1'W~ 4.4 "fl1-Jtu:::'YIHfllVfll'W'Utl~~flrlt;flll!nV1I~~tltlh~~I~tl~1VU1lflijtC)fV1I 0.20 111ll 

Itltlft~'U~ fltltlttltlf 0.05 11lllttlf)ft~'U~ tm:::t~tl~1[1Cjfllflf)'U 0.00 111llttltlfl~'U~ 

"1lT".....Il~ (~) 
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llJjJo 4 A:!/ ". 4 "" A:!/ '1 4 ""4 • .1 lq <I ,. "" '" 
~Y1V11fll'H91'HJlI PH'ImHVlUfl~9>'l'lf'U~HHH1 lVi~'U fl.:l ~t'6 flll11\lflfl ~ ':i 9>'l 19>'ltlt91llffl'H'ilfl 

Q .d fI ;Q.Q.d " " .a .d' ,.
UlJfl'UtCHflll flmJltlfl':i CH!;'Iflfl'U VlmmWfl1111t'U1I'U'W'Ufl.:lffl':i!'ilflVl 0.20, 0.05 U~~ 0.90 lll~ 
.1 <ld <I 0 OJ ,'JI.... d "",...;. llJ OJ." llJ'JI 0

!lJfl':itCH'U91 9l1lJ!;'I19>'l1J 'lflVlfl'Uflf11':i'l1~flllVlfJW'I1fJlI'U.:I l~Wl.:lfl'U ~'UU~~9>'l1UlJ':i911.:1"l ~9>'lVl9>'l!;'lfl.:lVll 

9l1111JVlfl11111~fl'Ufl-3ffflTU'W Korea Atomic Energy Research: KAERI [5] U~~ [7] !i4flflf1111 

""",A'JI ,'JI.F.! 4 """" '" A:!/ .... d d4 lq'JI """,,£,1
f.jW ffll1J91l1Jfl.:l91'UU~~ 1nlJ':i fl1JlVlfl1Jf.jW ffll1J91911.:1 "l fl1JN~m')j'.:It9>'lfl1V1t91':i flll L9>'l'illml'U 1'il fl'lf'U'U 

!111'illflf11':i';~ffl':i'Hrrfl~ii~hiflllli\lfltJ1':ifl' (LiF) !~'U ffl':i'l1rrfliifl11111J~1JVlt'Ufl.:lff1':i 99 

... 1 1/ 0' ;Q. 4 ~ dt .c:! Q ~ ... .1 Q,Q 4 
llJfl'HCH'U91 !m~t91llff1':it'ilfl 3 'If'U9>'l flfl!lIfl'UtCHVlICH!;'Itll91 (MgS04.7H20) lIfl11111J':i1JVI'6'Ufl~ff1':i 99 

• ,<I <I • 1 • 1 <I "' • .1 d ". .... & • 1 <I <I
!lJfl':itCH'U91 U!;'l~flfl1JtlJfl':i(II)CH!;'I!ll91 (CuS04.5H20) VllIfl11111J':i1JVI'6'Ufl.:lff1':i 98 !lJfl':i!CH'U91 U~~ 

"".... lq <I 4 .... & .1 <I <I d.F- 'JI 'JI 
'lf~flfl'U(II)flflfl l'lf9>'l (Si02) lIfl11111J':itj'VI'6'Ufl.:lffU 99.9 llJfl':il'lf'U91 VllJ':i1l1Wfl1111t'U1I'U'W'Ufl~ 

ff1':iI~fl 0.20, 0.05 U~~ 0.90 111~ttlflfICH'W19i' 9l111n1~1J 'illmr'Uli1ff1nf~'I1l1fl~itJILtlNfflltJ(1V 
"" ~''1 t: ~ '1 '1 'JI ..;. ~I ~ '1 0 ~ 

!Vlfl'UflU1J1JtlJVfl t'U'Ulfl!;'l'U t9>'lVf11':i L'lftmfl~ Magnetic Stirrer !lJ'Wn~l 3 'lf1 LlI~ VI1f11':i':i~!'HV'W1 

mf'Ufl flfl 19>'lfllcN hot plate ~fJW'I1fJiJ 150 tJ~fl'lt'lf!;'lt;flff!~'Un~l 1 ';1111.:1 'tl1ff1':i~!911flllitJllrl''U 
'JI 'JI "" '" 0 11(.' 'JI "' • .l1I{I d.... 4 ~I

t1J I'll !;'I fl 11 t1J1'11~ flllUVi~9191'W lIU~~'W1 LlJ'H !;'I flll 9>'l1flt91 1 mll1V1fJW'H fJlI 1050 fl~CH1tCH~!'lfflff !lJ'U 

"., r;,J 0' "Q.I Q' 4 <t .cd 
n~l 30 'U1V1 'U1J':i':ifllf11fl'f11'lffll':iflfl'U9>'l1Vfl91':i1 2 ~91':i91fl'U1V1 Ufffl.:l L'UfllViVl 4.6 

Hight TemJlfll'llture Fw-ance 

Platinum crucible 

f.j 
; 

Pressure gauge 

. . 
... ., A:!/ '1 4jJ.... ". .... 

1l1'W'n 4.6 UN'UfllVif11':ilJ\lflN~fl LVi~Y'nfltVlfl'Uflf11':i'l1~tJlJVlfJW'I1fJlI'U~ (Melting method) 

http:fl1JlVlfl1Jf.jW
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~ a i 'JI dI "'.., I '" a dI ely! 'JI 'JI " a
\llfl'W 'W'VI1 'VI fH'IfltV'W ~1f1~~HJ1~'I1fll'I1 IIfI::'W If.1f1 fl'VI ~flln1Jflfl1 vm flfll'Hfl'VIlIl'l~'VIlfll1 

... ~4 1 'JI'JI lIJl ... el 'JI'JI !:'I Qadi'IJ\lflff~l\lntl'W flVfll1f11~fl1Vmfl t~ fl1f1f1n'Ifl'VIfl11lJl'lJlJ'IJ'W 1 NonnalllJ'WI1f11 10 'Wl'V1 'Wlf.1f1fl 

~1q ~ 91 iI t' 4, :: J., 1 Gf 91 d Q d 

'VI !fl ttlfll~fl1V'Wlfll'l'WlIl'I~1::I'YlV'Wlfll'l'WUUfl flV t"lf hot plate 'VI~f.U'VI.f,;PJ 150 U~fJ'11"'1f119Wff 
" , , " 

1l1flU'Wl11f.1~flfi lfiltl~1'Wfll1flflIWfl'IJ'Wlfl1,.rij'IJ'Wlfllnflfl':i1 90 'lJmn'W l11~H1tl.,r~1 ,.rijul'V1-wfl 

Q Q (V 0 J .... 1" ~ 91 Q.I ,)/d 91 I ~ .Q .c:aQ.I QI 

25 lJflflmlJ IIl'I~'Wlln'IJ'WllJfl1V11inflfl1Vfl11lJfl'W 1 ~'W 'VIlJ'IJ'Wlfllff'Wf.llf.3''WVfll'll~ 4.5 lJl'ImlJ~1 

'H 'Wl 0.6 iJl'I~llJ~1 UfI:: i'lJ'tf'W~U'Wt1fl,.rlvl111~flfilmfl~~1filtl'rilfll1Imf.lilfl~~f.U'VI.fJiJ 825 U~fJ'l 
d =:'1 tI Ij}q..t Q I d~4 c:Seli (:/ 

1 
l"'Ifll"'IVffllJ'Wnl'l1 10 'Wl'V1 'W1J'I1fJ1fllfJ'fll"'lfll'IflU'Wfl1Vnml 2 l'Im~U'Wl'V1 l'Ytnt'YtlJfl11lJlI'IJ~ 

'JI '" '" d d '" a ilL 11 'JI I lIJ_1 1 el dI
'H fl1JllJfl'VIl!nl'lflltfl::fl11lJff~fl1flfl1Jfll'i'W1 t lJ "If~l'W~n!lJ Ufffl~ 'Wfl1'Yt'VI 4.7 tH 4.9 
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SI ..s}l <!i 
4.4 'fIAiJ8'lJtfl1~iJ1HNiUl"'rJtI'fl18~ XRD 

iillflf11'j 'llU.j~fl'riUtl (1~hj"u~t;iimJ~ ~tItI1Hl(LiF): U1JflihCiW1J f1t1tJ~tJtI{ cut;fltJ'l.J 1tJ 

o..e9 4' ~.Q ~ 'j,! Jt • d" 
V11fll'jflfl1l1'jZ'Wl'U'tItI'IH(1flVltfl~'tI'WwJt.llmtl'l X-ray diffractometer (XRD) 1'W X' Pert MPD tJ'tItI 

Philips l~tJl.u eu Ka trJ'WU'tl~'1tlltij~i''1ff ().. = 1.5406 A) ~'1'l.uld1Jfl'UltJ'jum1J1tf1'jlZ'" x' 
• <!i ... <I ..s d "'" ,M ..l! -.!II 0 ~ ..s d-.!II

Pert hne1.3b l'W tldt f1 'j lZ 11 'j Z 'W l'U'tI tI'I H?I fl V1tfl~'tI'W qf'l L~V11f11H1fl1l1'l Z 'W l'U 'tI tI'I H?I flVl L~ 
111 
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~ 8000 
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"iii 
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6000~-------------------------------------------. 

(2 0 0) 
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£. 
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j)lTf~ 4.11 '.i:'Ul'U'\JU~N~f1'lfiAflfh~fJlIyJ\lUfl "~~&e)~1fJ UlIflUtCHfJlI flfl'l.htJfl! ;llflfl'U~ 
m1l1rufl1111!,r1l,r'U'\Jfl~ffl'H~fl 0.20, 0.05 un: 0.90 ll1mtJu!!C)f'U~ lflul<Un'lflUfl 
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700000~------------------~----------------~ 
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~lflm'jflm:I1'j~'Wl'Uf.!~fl~1~~lflm~'U1'Wm'jtl\jm.f~ 2 1V1tl'W fl\'4'U11f.!~fl~'~~lfl 
fl 'j: 'U 1'W fll 'j tI \j fl f.! ~ fl ~1 tJl Vlfl ij fl m n1 r:I VlI ~ ~ W'11 tJ iJ \i' ~ 11 fffl ~ 'j: 'W 1 'U 'II V~ ff1'!i '11 a fl ilt'i VlI 

MI 1Il".Ii I .... I <1/ 1 ... I <I/.d1lJ 'JI tI... .. 
Tt~VV L'jfl C]1~flV~lfl~~t'jVfl11f.!r:lfl \'4r:1 ff1'Wf.!r:lflVl Lfl~lflfl'j~'U1'Wm'j \jflU'U'U'U'jfl~Ull'W~~ 

Ufffl~'j~'Wl'U'II V~ffl'j'l1 afl~tiVlI't'J\j vv1 'j~ ~iii1'W 1'W'j ~'W l'Ur:lflr:l~ 1rlv~~lflm~'U1'Wfl1'!itl ~flf.!~fl 

~lflm'jflmn lflv1~vilmHiflf.!~fl1..rii'll'Wlfl 5x5xO.5 iJr:lillllfl'j Jl'11Ufl 25 iJr:I~fli'lI 
~lflJ'Wtll1~flliUVr:I~~1~tI'Ulvi'~ffmflcl1~\'4a~~lU 128 keY ~mlllwi'~ff 100 mRem tlll~flli 
uVr:I~1t1vilfl1'!i11fl'jl~l1'Ur:I~'lh~liJwfilmlllwi'~ff~1mfl1v~~h'W TLD lU 3500 'IIv~'U~1TVI• 

" Harshaw Bicron lflvvilm'j,j'WYifl,rm.!r:li~ll~~W'l1tJiJ 20 V~nllC]1r:11t1fVff ih 300 V~nllC]1r:1lt1fVff 

1~f.!r:lm'jVlflr:lv~i~~v 'tin 
'" '" ..eI ..l "" , '" .., "" 4.5.1 Na"UO-3tllUWlIlI"U'U"UO-3tTl'UilOflllAO tllUI rJAOfll'IA01JtT'UO-3't1H'HtT 

fl1111 1 1 1 'Wm'jflV'U ff'W V~~vi'~ff'l111111~~fl1111 ffll";'W 1i''j~m11 ~Uff~~tI~VV 

VV fllll~ lflli u ar:l ~ ~ V'11 ~ ~'11,] 1 vtI~ 1I1W i'~ ff~li llVr:I ~ 1 ~i''U ~ 1flfll'j flflfJ ltl111111~a fll 'j 

flV'Uff'Wa~VlHi'~ff'llV~f.!~flliuar:l~~1~flv'~vilm'jlt1~v'Wm lIlWffl'jl~V;ilflV'Wi~u~ 0.00 ­

2.00 111 r:I 1tlv f l~'W~ Ur:l~ lm V'U lliV 'Ufi'Uli II ar:l~~ f.!ilflUr:l~ i 1'11'] 1 v 1 Ul:j~\'41til ')1[r'll v,m'l1TVI 

Harshaw - Bicron (TLD 100) ~1~ti'W''Wl:j~\'41til'lfd '~f.!r:lm'jVlflr:la~~~ltl~ 4.23 lm~ 4.24 
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J, 

.LlF:Mg, Cu, SI (0.00) 

.UF:Mg, Cu, SI (0.15) 

_.UF:Mg, Cu, SI (0.30) 

OLlF:Mg, Cu, 51 (0.50) 

·:,UF:Mg, Cu, 51 (0.70) 

.UF:Mg, Cu, SI (0.90),~,J '~" , LlF:Mg, Cu, 51 (1.20) 

"UF:Mg, Cu, 51 (1.50) 

• UF:Mg. Cu, SI (1.70) 

LlF:Mg. Cu, SI (1.90) 

UF:Mg. Cu, SI (2.00) j rf~" 
+ UF:Mg. Cu, SI (0.90) Poly 

IITlD 100 

f7499 

0.00 0.16 0.30 0.46 0.60 0.76 0.80 1.011 1.20 1.311 1.110 1.66 1.BO 1.85 2.10 2.25 2.40 

t.A"'liUfll1:JJI1i~H1'1,!9U~af)U'l4 (mole %) 

ill'W~ 4.23 fl111rff1Jvru;';i~l'r;h~m:lJ1WUff~~tlr:lmJfltJn1Jlti'lJfl111J!,r1J,rU'lJfl~ffTH~fl Mg 0.20 

<; tI II ~ tI <; tI II ~ II. 0 tid _~ 91 91 
~mu flW.lfU\91 Cu 0.05 ~1Jm flW.lfU\91 !1Jfl'YIlf11';i! lWUlJ';i1J1Wfl111J!'lJ1J'lJU 'lJfl~ 

'" ... II
mGy. ( U1VHff!tln~ ) 

'"' .,. .,I d_~ 91 91 4 .... <;.1 II tI .... ~ .,I 91 
N"m'1f~1~W1'V1lJ ';i1J1Wfl111Jl'IJ1J'lJU 'lJfl~ff1';i 1\lfl~"nflU 0.00 ~1JmlJm !~U\91 1JlJ';i1J1WUff~'VIUflV 

.,I 4 tI _~... <;91":'.M.o4":'.~ 91 91 

'VI1\1\91 flfl ';i~1J1W 69.04 nC um~lJ';i1J1WUff~1JUU1 ~U1J1'Vl1J'lJU!1Jfl1'Vl1JlJ';i1J1Wfl111J''lJ1J'lJU'lJfl~ 


~ ~.Q .J ... ~ " 91 .a ..c:a.Q ,. tI tI tI "" 
ffl';i'\lfl~"nflUU"~'VIlJ';i1J1Wfl111J''lJ1J'lJU'lJfl~ff1';il\lflCJ1"nflU 0.90 u,,~ 1.50 ~1J"t fl';ilCJ1U\911J 

m:lJ1WUff~:IJ1n~1\1\91 flfltl';i~1J1W 150 nC U~~m1J1Wfl111Jt,r1J,rU'lJfl~ffl';i!~flCMilntJu 1.50, 1.70, 

1.90 u,,~ 2.00 11J",tltJ1t~U~ \l~ijf11';im~\llV~11Jlnn11mm~fl~1Jl\llnfl111J'lJffJltff1Jfl'IJfl~ 

m 1J1Wffn!~ fl~t~1J Ufl~m1J1WUff~~l1Ufl,,~tlr:ltJVflfln1J lijUU 11U1J "\91f1~!rlmvi1Jm 1J1W 
~ , 

ffl';it~flCMilnflU~~U~ 1.50 g~ 2.00 m\lijffln1~1Jl\llnf11';il~1Jm1J1Wffl';it~fll11J1n\lUl111,.rlh!tlfl~ 
"" 4 , 91 , 
1Jf11';i~\91nflUUff~ TU1~ff1U 

trlfll11f11';i1mfJ'lJ!l1fJ'lJ ti'lJl1Uflfl~~Nil\91u" ~'}11nllfJ '1 U!;~'Vll iil 'lftf'IJfl ~'lJ~ i:i'VI Harshaw 

Bicron (TLD100) 'Vl'lJ11 l1Uflfl~ijfl111J'1~flfi1';i\91fl'lJff'U fl~'VIHi'~ffl1~~\lln'l11'tlNTUfi1';iU1Vi'~ff 

mnCJ1~m1J1W ImGy. ijm:lJ1WUff~tI';i~1J1W 74.99 nC 

http:91":'.M.o4
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+UF:Mg. Cu, 51 (0.00) 

.UF:Mg. Cu, 51(0.15) 

60 

so 

o• 40 
...... 

i 
.., 
_ lO 

;:; 
';i 

20 

38511 • 41 aa 

! 
 13908 


J2 06 

~ 44.66 

135 89 

34'i9 

2905f 1 
. 

30.87 

II LlF:MO. Cu, SI (0.30) 

BllF:Mg, Cu, 51 (0.50) 

.UF:Mg. Cu, 51 (0.70) 

HIF:Mg, Cu, SI (0,90) 

+ lIF:Mg, Cu, 51 (1.20) 

oliF:MII. cu, 51 (1.50) 

OUF:Mg. Cu, SI11.70) 

llUF;MII. Cu, 51 (1.90) 

, liF: Mg. Cu, SI (2.00) 

UF:Mg. Cu, SI (0.90) POly 
.. TlO 100 

10 

o 

0.00 	 0.15 O.lO 0.45 0.60 0.75 0.90 1.05 1.20 1.l5 1.50 1.65 1.80 1.9~ 2.10 2.25 


t1hIlWfll1~tftlnl1t~~~Sm)l-! (mole %) 


fI1ft~ 4.24 fl111J'd'1l";1.I'fil~,..rh~m1l1ruuff~~llrifltlflflfl1l1f11Jr1';m.H,r1l,r'U'tIfl~ffl'.i1~fl Mg 0.20 

-I 0' d 0' 1 _1 0' d 0'.9., _ I"" • r= 71 711lll'H1JflWlf'U9l Cu 0.05 lll'H1JflWlf'U 9l l1Jfl'Vllf11111JlW'U 1J11l1ru fl111l!'tI1l'tl'U 'tIfl~ 

.a ,Q,.Q .d 1 ... 1 0' d <I cv' cv dd .... r= 
fflWilflC)fClflf}'U 0.00 fI.:) 2.00 llCll1Jf}W]flJ9l 'HCI~ii)lfl~1'Uf11HntlHff'Vl1J11l1ru 1 

mGy. ( mtl1~ffUfl1J1l1ii)lfl Co-60 ) 

ii)lfl~Clf111 flfl1:I1f1111l i 1~flf1119lf}tJff'lJ f}.:)'Vl 1.:)1,:) ff'H If.:) ii) lflUl~~fll 'Vl tlUCl ~~ ~m:'H.:) !~tl1 

illNl'Uf11Hntl1':)ffUfl1l1l1~m1l1ru ImGy. 'VltJ11 m1l1ruuff~~i~ihhlmflfltl':)f1'U fifl1l1~1l1ru 
'.. l'J1dQ.!

30 - 40 nC UCl~i 1l1lU'U1 'UllYl'lfAlii)'U 

!rlm11f1111'1n tltJL-ntltJf1tJ'fi Uf}CI~~ ~tl9lUCl~ 'iJl'Yiti 1 tl' 'UL;':)'Vl lW'lftJ'tIf} .:)tJl1:l'Vl Harshaw -

Bicron (TLD 100) 'VltJ11 -n11f}CI~i1f1111l i1~flfnl9lfltJff'Uf}':)'Vll.:11.:1ff'Yilf.:l ii)lflUl i 'lINl'Uf111 ~ntl1.:)ff 

Ufl1l1l1~m1l1ru ImGy. i1mlJ1ruuff~1l1~1l1ru 30.87 nC 

ii) lfl fll1 flfl'Mlf1111l i 1~ f}fll19lfl tJ ff'U fl.:) 'Vll~ 1 ~ ff'tl f}.:) ~~ fl-fi 11 flCl~'lfil A 

". 	 " 
LiF:Mg(0.20), Cu(0.05), Si(0.15) ii)lfl,r'Ufilf111Llltltl'Um1l1ruffl'H~fl;tlflfl'Ui.:)u~ 0.00 - 2.00 

.1 o'd 0' i71 ., ""1llCll1JflllC)f'U9l A~Clf111'VlAClfl.:lA~fl1'Vl'Vl 4.25 

http:LiF:Mg(0.20
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• LiF:Mg, Cu, Si, Na 0.05 

.. LiF:Mg, Cu, Si, Na 0.10 

::: I f'~" 
l ,i • LiF:Mg, Cu, Si, Na 0.15 

79 10~ 80 i T 1.III 74.039 ! ' ::I( LiF:Mg, Cu, Si, Na 0.20 

60 6SJ 1". t 1. , ... LiF:Mg, Cu, Si, Na 0.30 
53.osl: j ~" 

o UF:Mg, Cu, Si, Na 0.40 

[J liF:Mg, Cu, Si, Na 0.50 
20 

1 
o .,.,----,... -...-------,--~-..._,__---:...-- --T-"'---~' 

o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 

1l1flf.lrlflT~flmllfr:mJ'1~Vfll'~V'lJff'UV.:J'nHi'~ff'Hli~1l1mhf.liim';~t~tn',jFh'Ufll' 
'illui'.:JfftVflCJf'~m'lJ1W ImGy ..... 'lJ11f.liim.;.:Jt~U1~t~V~1U1q$t~mJ~ 0.05 11Jrlt,jvi't~'U~ ,jrimJ 

Uff.:JV tlfl'lJ1 i~m1J1W'lJ1fl~t!iil tiV,j'~1J1W 104.20 nC UrI::m1J1WUff.:J1l::iiu'U11tY1Jrliilrl.:urtm;1 

fll"Yi1Jm'lJ1Wffl't~V1q$t~U1J titl i.:Ju~ 0.20 il~ 0.50 11Jrlt,jtli't~'U~ iim'lJ1WUff~~tYVU~t!iil 
4. .1 <i 4. r:: jI 4. 1 .. 1.1 "'" " ..jIfltllJ'::'lJ1W 50 m 60 nC Url::'nlJ'1J1Wfl111Jt'U1J'U'U'Utl~ffl'tlltl q$tiilU1J 0.50 1JrltlJtl'tq$'U~ 'iI::1J 

fl1'm~'iI1ui11Jlfl~t!iil tiv fh SD ,j'~1J1W 26 nC J.:Jd!~(l.:J'illflfll,,j\lflf.liifl~1U~'lJ~iil~U1J'Ul'U 
t ~ QI t Go'..r 'J} QI 4 4t

U'U1~.:J'U fl1')j''U::'lJ''1ffl''iI~11.:J~11'Uu'U 1~.:J'illflfl'lJ""'U ff~f.lrl 1'H'UW~ffl'tiilViil Url~1Jffl'!'iIV 
.r:: .M <i "i " <>I 4..1' '1 jI '" <>I

lJ'1J1W1Jlfl'U'U UHiil.:Jtliil'Utl~ trlfl'il~ff~f.lrl~Vfl1'm~'iI1U~1'UV~ffl'tllV'UW~lJrltlU mffl':iW'U~1r1.:J 

;.:Jff.:Jf.lrl 1 '1ffilf1111J' 11'Ufll':i~ V'lJff'Utl.:J~tli'~ffhjffJltff1JV ~.:J 'iI~tM'U i~,riilt'il'U1'Umi\!~t~1J 

ffl':it~(lm'lJ1W1Jlmfi'Ufl111J~ltiJ'U 
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\llflfll'jfff11:11 fl1l11' 1~flfll'j~fl'U ff'U fl-!l'YIHi'-!lff'IJfl-!l N~flYiuml~'lfiJ~ LiF:Mg(0.20), 

Cu(0.05), Na(O.OO) \llflJ'U1'ilfll'jl'lJ~V'Um1J1tlUn'U~flCJ1llflfl'Ui-!lU~ 0.00 - 2.00 ll111!'lJflf!~'U~ 
'~Nllfl1'j'YI~llfl-!lPl-!l.flWI~ 4.26 

250 ~---..---- ­

200 

l'~~ . f
150 I 149.01 

1142.63 

... f,."f74·60t 75.14 

50 

o 

.. 123.57 

I 

• LiF:Mg, Cu, Si (0.00) 

.... LiF:Mg, Cu, SI (0.15) 

• LiF:Mg, Cu, Si (0.30) 

• LiF:Mg, Cu, SI (0.50) 

" LiF:Mg, Cu, SI(0.70) 

• LlF:Mg, Cu, SI (0.90) 

- LIF:Mg, Cu, Si (1.20) 

.- L1F:Mg, Cu, SI (1.50) 

• 	 L1F:Mg, Cu, SI (1.70) 

l1li 	 L1F:Mg, Cu, Sl (1.90) 

L1F:Mg, Cu, SI (2.00) 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 

ImGy. 

, 'lJ~1'UfllHn vi'-!lfftflflCJ1~ mll lW ImGy. vmil N~m;$-!lt~V'J~'lJ111 lWf11ll1t,rll,r'U 'lJfl-!lffl'j t~fl 

CJ1llflfl'U 0.00 Ull~ 0.15 l1111!'lJflf!91'U~ ijmlllWUff-!l~t!flV~LJ'~ flfl'lJ'j~lllW 75 nC Ull~mlllW 
d. ,.." ~.1 • .:! .... r: "" .4.c)..t:::l 4 lJI"

Uff-!Ill t t'U 1 t 'UlI!Vill'IJ'U tllfl tVi lllJ 'j 11lW f11l11!'lJll 'IJ'U 'lJfl-!l ffn! \l fl9111 fI fl'UUll~l1mlllWfl1l11t'IJ1l'IJ'U 

'lJfl-!lffnt~flCJ1llflfl'U 0.90 Ull~ 1.20 l1111!'lJflf!91'U~ ijm1J1WUff-!llllf1~LJ'~ ~fl'lJ'j~1J1W 165 nC u~ 
",; ~ F- 'jI fII <!I """" 	 ,. ~ I" .. .,.
l1lJ'jlllWfl1l11!'lJll'IJ'U'lJfl-!lffl'j!\lfl9111flfl'U 1.50, 1.70, 1.90 Ull~ 2.00 tllll!lJm!91'U~ \l~lIfin 

m~\l1Vi111lf1f1ilmlH~fl-!llll\llflf11l11hjffJl!ffllfl'IJfl-!lmlllWffn!~fl~!~1l Ull~m1J1WUff-!l~Yi 

http:LiF:Mg(0.20
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... 011 ...... ,.:S .., .., ... ~ .J 
4.5.2 N'i3\18..:1~'UflU'i3:tAliltlUJ11''il8'f111~8fll111'i3fl\l8..:1'H~lIfltJflfl'fltnl..:1\1'U 

~ ~ ~ Q,I 4 d ~ ,cf.Q4~ VJ iI ~4 
1fim'j111f1111Jflfl'\l6~11f11JO'UA06H'1flfl'HJ'U 'U'U1J1fiM01:l1 LA 2 1fifl6• 

"" <V 1 """" .:1"12 iI 2 iI1) 'Vt'ill'jWlf101:lW~ flfl1&mvJVI L~'iI10m'jm~fJ'U6~fl61J~1Vfl111J'j6'U f1111J ., 
ilfl'\l6~11 'Q1Jfl'Ufi01nU 'iI ~'U 6fl'~~1Vril'\16~f,lW11.fJiivh1..rihgflfl'j6'U11 'QA6601Jnl011'Q1Jfl'Ufifl 

iI ~ ='1 I ~ iI '" .:l ~ ='1 I0 Iii'"

f1111J'j 6'U'\I 'U&lJ'U tHH&Vll'i1~ vn L11f1111J\1~ '\I6~'Vtfl&'Vt1J'\I'U &lJ'U ff6~!vnUflfl111J01H '\I6~'Vtfl 'iI~UfI 'U 
., ., 

fI~ fi-1,r'U1'U m'jflO1:l1r.P'iiv~-1'~f11'UfJ1Ji1U1.bfi-1mh11Avm'ji ~f,lW11.fJiil'U mnh'Um1J lWUff-1 
• 'JI J JI 

f1-1fl'tlO'l m'j VI Afl6~1 A V 1..r6fl 'j lm'j i~f1111J J6'U uri1111'~i'-1 fffl U6 flflfl'~'ill0m'jVl~fl6-1i~u~ 
"" '" </1 '" 1 ~i1.:l ~ iI ... .:I .:I '" f,lW11.fJ1J 60 6-1f1'WI1f1&C)j'Vfft:l~ 300 6~fI'l&C)j'fI!C)j'Vff ~[l !m'Vt1J'\I'U~1V6fl'jlV1fHVI 10 6.:JfI'l&C)j'fI&C)j'Vff 

I... ... 
fl61'U1Vi 
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File III!l Read ParaMeters: ApplicatiQns H~" Lit:, Help 

:!!II!I.___~ 275°<-, 

tM'lJlt:Ul'JI;O 

lcu,~tI'IJ (nC) 

(mole 0/0) 

0.00 74.03+ 

file UD!l Read Par4flK~ters Appiic(\ticms ; HeJp 

0.05 104.20+ 115,00/099 91/Z7/ZIlII9 U5:12:17 1 1 104.2 nC 
05:1S:53 ------------------...-------.-------

Prehedt: 
60 ·c 
o sec 

Acqu ire: 
1Il "e;s 

3!111 ·C 
flO sec 

Allnt:~l : 
300 ·C 

a sec 

Hell) 

67.0S nC0.10 67.45+ 61/27/2009 a6:3B:S3 1 6
1---------------------------------1 

_ 136"C 
Preheat: 

69 ·c 
{J sec 

Acquire: 
19 -C/s 

JllB ·C 
6e sec 

""neal: 
300 ·c 

Usee 
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Rea,d Paf'aneters App 1 j ca,t ion~ 

""---264"C 

-284"C 

-162"C 

Pdr<l~tel"s Appl teat inns 

""/"',/7""" 09: 11 : 07 1 11 

- 252·C 

;;0;;,' 

0.15 79.10+ 

0.20 58.10+ 

- 277·C 

239"C 

Help 

75.56 nC 

&,335 nA 

rreheat: 
&0 ·C 

9 sec 
Acquire: 

10 'C/$ 
30B ·c 
68 sec: 

Annea] : 
300 ·C 

e sec 

Help 

nC 

"C: 'CHOKCHII!~HOK, TL~": record !23B of 1813 

0.30 51.79+ 

0.40 60.68+ 

Uclp 

SL04 nC 

3,095 nA 

Preheat: 

&Q ·C 

o sec 

Acquire: 
18 "C/s 

399 ·c 
68 sec 

fhmtla1 : 
380 ·C 

f) sec 

Help 

e sec 
Acquire ~ 

18 ·(/S 

3I!9 ·C 
6& sec 

fUl\leal: 
300 'C 

R sec 
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0.50 53.08+ 
t'ile Read PaN'Meters App 1ieat ions 

"C:,CHOKCHAhCHOJL TLD": record 1611 of 181:3 

Help 

S3,4l) nC 

e,117 nil 

Preheat: 
20 ·c 
Osee 

Acquire: 
19 ·C/s 

300 'C 
66 sec 

Anneal: 
3IlIl 'C 

B sec 

(DC) 

(mole %) 

0.15 90.60+ 

Cu{0.05), Na(0.05) 

0.30 168.76 + 
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0.50 

0.70 

165.01 + 

156.82 + 
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0.90 129.12 + 

. 
&:I ell". tfQ,4'.. .1 d. .c:i.«::l;

fl11H'fJ 4.3 Hff"~fI"'\JtN"f)1:lW:: ~f)"1~fI'hl'\Jt'l~'VlHt'l""'lf'U" LiF:Mg(0.20), Cu(0.05), Na(O.OO) 

(nC) 

(mole %) 
Help 

ttelp 

19Q,1 nC 

11.31 nil 

300 'c 
0: sec 

0.15 74.50 

75.100.30 

http:LiF:Mg(0.20
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0.50 95.27 

3 

025 

0.70 117.95 

0.90 157.52 

1.20 
file lDD Re4d PtlrclIneters Applitatiotrs 

178.20 
63r2l!/O'39 03/29,2969 00; 32 ,4, 1 7.6 
OI;<l.~'ll --,------­

Drawer: 
Closed 

Ilelp 

116.4 nC 

JOO ·c 
B sec 

170.5 nC 

21,1,56 nA 

Preheat: 
6e ·c 

11"1.i.f: nC 

19 nA 

Preheat: 
69 ·c 
o sec 

Acquire: 
10 ·C/$ 

30B 'c 
69 sec 

Am\Ci\l; 
300 ·C 

o sec 

Help 

loB,6 "C 

31.95 nil 

o sec 
Acquire: 

19 '!;/s 
3011 'c 
68 sec 

Amteal: 
3118 ·c 

B sec 



1.50 

2.00 

67 

142.63 

:.~.~.'.·.. it13.!< 
~~l..... 
iVT: 

tti1e View _ Pdri\eeters Applicdtions 

1.70 149.01 
I 2 

1.90 144.17 

Fl'tTube: 
7 

7fi7 U 
11 ·c 

Gas Off 

"C:\CHOI<CHflII\Cttok. TLD"; re4:ord 3266 (If 3.1::66 

123.57 

21.32 "" 

Preheat: 
68 ·c 

Q sec 
OCquire: 

18 ·C/s 
390 ·c 
69 seC 

("meal: 
300 ·c 

8 sec 

Help 

190.S nC 

Tl.43 nA 

Prche~t : 
&0 ·C 

8 sec 
Acquire: 

18 ·C/s 
308 ·c 
68 sec 

Annea I: 
30a '(: 

o sec 

152,6 nC 

32.01 nA 

Prche':it: 
fill 'C 

Acqu ire: 
10 "C/5_·C 
fA) sec 

Anneal: 
3~1l 'c 

a sec 

125.2 nC 

29.88 IlA 

o sec: 
Acquire: 

10 -CIs 
300 ·c 
6(j """ 

AnneAl: 
300 ·c 

o sec 
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\l ~ ; I I \ Help 

1&9.2 nC 

,. _I tI tI I dQl 'jI QI.I!!I dd d,. dOl d.d d 
0.30 0.50 ml~ 0.70 ~lJ'HlJtl'HC)f,\Hl 'VfUl1lJCln'hlru~flCllt1n'WfltllJ'Vm 3 .... fI ~"tllJ~ltm'W~""fI'YI 1 'YI 

~ru"UJiJll'i~lJlru 148 tl~fI'ltC)fCltCiftlCl' ~lU'Htl~V.fI~ 2 ~~ru'H~iJll'i~lJlru 260 tl~fI'ltC)fCltCiftlCl' UCl~ 

~ltmtl~v.fI~ 3 ~~ru'H~iJll'i~lJ1ru 276 tl~fI'ltC)fCltCiftlCl' ~hmrn'hlru~ lnCl1t~lvl~mlJ1ruCl'1'it~tl 

Cifiintl'W 0.90 llJCltlltlltC)f'W19l .....U11 ijV.fI 3 V.fI l"tlij~ltmtl~v.fI~ 1 ~tlru'HfliJll'i~lJ1ru 137. .. 
tl~fI'ltC)fCltCiftlCl' ~ltmtl~v.fI~ 2 ~~ru'H~iJll'i~lJlru 205 tl~fI'ltC)fCltCiftlCl' UCl~~ltmtl~v.fI~ 3 ~ 

~ru'H~iJll'i~lJ1ru 274 tl~fI'ltC)fClt~tlCl' ~hmrn'hlru~ lnCl1t~lvl~mlJ1ruCl'1'it~tlCifiintl'W 1.201lJCl 

tlltlltC)f'W19l .... U11ijV.fI 3 V.fI l"tlij~ltmtl~v.fI~ 1 ~tlru'HfliJll'i~lJlru 102 tl~fI'ltC)fClt~tlCl' ~ltmtl~. .. 
V.fI~ 2 ~~ru'H~iJll'i~lJ1ru 162 tl~fI'ltC)fClt~tlCl' UCl~~ltmtl~v.fI~ 3 ~~ru'H~iJll'i~lJ1ru 265 tl~fI'l 
tC)fClt~tlCl' UCl~~mlJ1ruCl'1'it~tlCifiintl'W 1.50 llJCltlltlltC)f'W19l .... U11ijV.fI 4 v.fll"tlij~ltmtl~v.fI~ 

1 ~~ru'H~iJll'i~lJ1ru 121 tl~fI'ltC)fClt~tlCl' ~ltmtl~v.fI~ 2 ~~ru'H~iJll'i~lJ1ru 160 tl~fI'ltC)fClt~tlCl' 
UCl~~ltmtl~v.fI~ 3 ~~ru'HfliJll'i~lJ1ru 261 tl~fI'ltC)fClt~tlCl' UCl~~ltmtl~v.fI~ 4 ~tlru'HfliJq q,J II q,J 

ll'i~lJ1ru 300 tl~fI'ltC)fClt~tlCl' uCl~rl'n'hlru~ lnCl1t~lvl~mlJlf.llCifiintl'W~ 1.70 ~~ 2.00 llJCl 

tlltlltC)f'W19l .... U11 ijrl'n'hlru~fI~lt1ti'WfitlijV.fI 3 V.fI l"tlij~ltmtl~v.fI~ 1 ~tlru'HfliJll'i~lJ1ru 145. .. 
tl~fI'ltC)fClt~tlCl' ~ltmtl~v.fI~ 2 ~tlru'HfliJll'i~lJ1ru 185 tl~fI'ltC)fClt~tlCl' UCl~~ltmtl~v.fI~ 3 ~. .. 
~ru'H~iJll'i~lJ1ru 260 tl~fI'ltC)fClt~tlCl' 

http:UCl~~ltmtl~v.fI
http:ltmtl~v.fI
http:l"tlij~ltmtl~v.fI
http:ijrl'n'hlru~fI~lt1ti'WfitlijV.fI
http:UCl~~ltmtl~v.fI
http:UCl~~ltmtl~v.fI
http:ltmtl~v.fI
http:v.fll"tlij~ltmtl~v.fI
http:U11ijV.fI
http:UCl~~ltmtl~v.fI
http:l"tlij~ltmtl~v.fI
http:U11ijV.fI
http:UCl~~ltmtl~v.fI
http:ltmtl~v.fI
http:l"tlij~ltmtl~v.fI
http:ltmtl~v.fI
http:lU'Htl~V.fI
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ffl'U cinl:lw::: 1n"11ii1yJ'lJo~ ~ ~nlilLD"~~~ii\01u,,::: ~h" tJ If.J i 'l.HGM,:jV41W GJf~'IJ O~lJliVl 

Harshaw - Bicron (TLDIOO) ii~lUl1tJ,:j'rifl~ 1 ~fJWl1{JiJ'lh:::1l1W 165 O~ffl19fm9fm,. ~11mtJ~ 

'rifl~ 2 ~PlWl1f1iJ1.h:::1l1W 207 O,:jffl19f"19fm:l' ~lUl1tJ~'rifl~ 3 ~OWl1f1iJ'lh·:::1J1W 258 O~fflq ~ q ~ 

,~'Yi 1 f)1'j Vlfl" 0 ~filU 1W fi lV41 'niil\01 0 i OlJfi nV4ciH 1 '\.Hl flU'IJ O,:j~~n1V4 il ~~ n 

,GM~1~f.J1 u":::~~nliuo,,~~~ii\01U"::'ll1l1tJlf.JiU1GM~V41WGJf~'lJtHlJliVl Harshaw Bicron (TLDlOO) 

1\01f.Ji'*1Vlflilflf)1'j,tJ~f.JU ij\01'jlf)1 '.i hi'j11111l~OU~ i ,*i unn61ufi lm1J1WUff,:ji~u,; 1 O~ffl 
fl'!i ~ at d. t (V ~.. 0 d .ci dll] ~AI q,r .Q ~d Q,I

19f"19ff.Jff m 20 O~ffl'9fm9ff.Jff 1l'IJU\010U\01~U flOU111l\01~"nVll\01llJ'illt1HffLDn9fVlV4",:j,:jlU 128 

keY ~m1l1wi'~ff 3 mGy. 'illmru'Yilf)1'.i11ml::..ru,,:::tJ'.i:::1iJufilm1J1wi',:jff~1mfl1o,:j61U TLD 
ill 

ju 3500 'lJo,:jlJliVl Harshaw - Bicron l\01t1'Yilf)1nTufln,r0lJ"i,:ju';fJWl1 l'JiJ 20 O,:jffl'9f"';f.Jff il,:j 
.d 0 _I.d oQ,dGi ~Q,I d ..c!i.d .c:t 

300 O~ff119f"'9ftlff U"::Vllf)1'j1lJ"tlUfJWl1{JllVlll1nlJ11l\01~"nVl 1, 5, 7, 11 ""ll: 17 O,:jft'lt9f"l9ftlff 

';01Ulli \0111ltilfilJ 'illmru'Yilf)1'j,jUflncinl:lw:: 1n"11ii1yJ~1t11tJ'jumll CGCD Uff\01~ iUfl1V4~ 
4!! 

4.28 m 4.40 

20 .-------------------------------~m_~ 

18 

16 

:f14 
= 
~ 12 

:Ii! 10
:! 
= i 6 

8 

4 

UF:Mg. Cu, SI(0.90) Poly 
,-----~- ... ······~-··-·~····c 
, • Healing Rata 1 'Cis 

• Heating Rata 5 'Cis 

....... Heating Rata 7 'Cis 

-.- Healing Reta 11 'Cis 

-- Heating Rata 17 'CIs 

50 100 150 21},0 250 300 350 
Temp&raturel C) 

.tl1'W~ 4,28 vll11l1tJ,:jfJWl1{JiJ'rifll1cin (Tn) 'lJo~~~n1V4il ,jufln~1t11tJmmll CGCD ,~O 
1tJ~f.JUUtJ ,,~ij\01 'jl fJW 11 {JiJ~ i..rOlJ!~\01~~n 

http:Vlflilflf)1'j,tJ~f.JU
http:GM~1~f.J1
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30 r-----------------------------------------, 
LIF:Mg, Cu, 51(0.00) 


25l' Heating Rate 1 'Cls I 

t . Heating Rate 5 '~Sl120 --Heating Rate 7 "Cis 

-'<- Heating Rate 11 'CIs 
:E
.!ilI15 -+- Heating Rate 17 'CIs....I _______ 

~ 
:110 

~ 
5 

o 	 50 100 150 200 250 300 350 

Temperature('C) 


12 ,--------------------------------------, 
LiF:Mg, Cu, 51(0.15) 

Tiff10 Heating Rate 1 ·CI. 

Heating Rate 5 ·CI. 


-- Heating Rate 7 ·CI• 


..- .. Heating Rate 11 ·CI. 


-+- Heating Rate 17 ·CI. 


2 

o 
o 50 100 150 200 250 300 350 

Temperature(OC) 
, 	 , 

.:$ 0 t .rI::l,.:! Q.I dl ~ d ,Q,

Ill'nn 4.30 ~lU't1tHI~WmJlJ'"fllH"fl (TJ 'Uf}:jfHlflt'tf~Lfltl1GJ1''Wfi LiF : Mg (0.20), Cu (0.05), Si 

(0.15) il''Wfin,f1t11'lhumlJ CGCD LrttlLtJ~tI'WUtJ'tl~ij~':il~W't11Jii~l"rtitn~fI~~fl 
14 ,-----------------------------------------, 

I::~Mg,~~i~~~1!!. T", 
• Heating Rate 1 "Cis 

.... Heating Rata 5 "Ci. 


-- Heating Rata 7 "Cis 
 I
(\ 

, 
,- Heating Rata 11 "Cis 


-<>- Heating Rata 17 "Cis 
 . \ 

\\ 
~ 

\ ,
2 

~ 
o 

o 50 100 150 200 250 300 350 
Temperature(°C) 

, 	 . 
.. 0 I ,Q,d Q.I .c9 .Q.d .Q 

Ill'nn 4.31 ~lU't1'W~~W't11JlJ'"fl'tl'tln (TJ 'Utl~~'tlfltGJl'~Lfltl1'tf'Wfi LiF : Mg (0.20), Cu (0.05), Si 



71 

35 

t!F~:~~:'R~:~O;~:s~l 
1-'-Heating Rate 5 'CIs I 

, --Heating Rate 7 OCls : 


! -- Heating Rate 11 'Cls i 

..... Heating Rate 17 'Cls 


o 50 100 150 200 250 300 350 


Temperature(°C) 


40 


36 


5 


o 

LiF:Mg,Cu, Si(O.70) 
I-~~"" -"'--"'--~'l 

, • Heating Rate 1 'C/s ' 


.•~ Heating Rate 5 'Cls 


-- Heating Rate 1 'C/s 


,--Heating Rate 11 'C/s I 


-.- Heating Rate 11 'C/s 

o 60 100 160 200 260 300 350 

TemperaturelOC) . . 

oCt 0' Qc:I, QJ' .:9 ,Q.:'!\ ~ 

.fllTtfl 4.33 ~ltm'U..:j~W'l1 fJlJ~fl'l1"fl (Tj 'Utl..:j~"m'!f..:jLflfJ1'!f'Ufl LiF : Mg (0.20), Cu (0.05), Si 

(0.70) U'UViflR'1lJhhUflllJ CGCD Lrttl1'lJ~lJ'UmJ"..:jt1~·n~W'I1fJij~,,rnm~fl~~fl 
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45 

40 

~35 
(I) 

-;30 
c=25..c 
CD 

::::i 20 
CI> 
>
j 15 
CI> 

0::: 10 

5 

0 

LiF:Mg, Cu, Si(O.90) 

~ -- Heating Rate 5 'C/s 

......... Heating Rate 7 'CIs 

--lor Heating Rate 11 "CIs 

..... Heating Rate 17 'C/s , 
~ 
x 

"~ , 
k 

0 50 100 150 200 250 300 350 
Temperature(OC) 

U ,--------------------------------------, 
LiF:Mg, Cu, Si(1.20) 

70-~~~ . - ----~--l 
Heating Rate 1 'CIs I 

~60 
CII 
c 
$50.: 

10 

• Heating Rate II 'Cls 

:::::::::: :1'~~:S I 

--~ea~~~at~~ 'ClsJ 

Tilt(,., 
t \ 

I 

J 

If1\j '~t 
! i 

o 50 100 150 200 250 300 350 

Temperature("C). .
4iI 0 t Q.d. Q,I 4l Q d .Q 

.fI1'rt'fl 4.35 ~lUlf'W.:JfJW·..UJlJ'Wfllf~fl (T) 'U~HN~m")j'.:J!fw1")j''WfI LiF : Mg (0.20), Cu (0.05), Si 

(1.20) ,j'W~fl~1U1'\J";iumlJ CoeD !rlm'\J~u'Wu'\J~.:Ji~";ilfJWlffJii~',rti1JlilflNftfl 
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90 r-------------------------------~r_--_. 
LiF:Mg, Cu, 51(1.50) 

80 I ,Heating Rate 1 "CIs 

b70 
'iii 
; 60 
'\5 
;:50 
.c 
Q 
:::i 40 
CII 

~30 
.!! 
CII 
!r;2O 

10 

o 
o 

,
ct 0' 

-,,- Heating Rate 5 "CIs 

- Heating Rate 7 ·C/s 

....... Heating Rate 11 "CJe 

-+- Heating Rate 17 ·C/s 

50 100 150 200 250 300 350 

Temperature{°C) . 
~.c:t QI .ceQ ~.c::t .c:.. 

IllTt" 4.36 ~lU'H'W~~W'H1Jll'VU'l'H"fl (T,) '\Jfl~H"m'lf~t~tJ1'1f'W~ LiF : Mg (0.20), Cu (0.05), Si 

0.50) ,j'Wfifl~1tJ1 'iJ'j Uflnl CGCD trtfl!'iJ~tJ'Wu,j,,~5(Pl'jl~W'H1Jij~i,fn'U!~~H~fl 

35 ,----------------........-----------------------, 


~ 
~ 
Sc:;:20 
.c 
Q 

:::i 
CII 
.~ 
3! 10 

~ 

30 

25 

15 

5 

LiF:Mg, Cu, 51(1.70) 

, H,.tlng Rate 1 "Ci. 

• Healing Rote &·C,. 

-- Healing Rate 7 ·C/s 

o 50 100 150 200 250 300 350 

Temperature(°C) 
, . 

ct 0 I ~.c:t Q,I -=i .=:;.c:t .c:.. 
IllTt" 4.37 ~lU'H'W~~W'H1Jlll'tfl'H"fl (T,) '\Jf)~H"m'lf~1~tJ1'1f'W~ LiF : Mg (0.20), Cu (0.05), Si 

(1.70) ,j'Wfifl~1tJ1'iJ'jumll CGCD lrtflt,j~tJ'W!1'iJ,,~5~'jl~W'H1Jij~i,fn1Jt~~H~fl 
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20 

18 

b 16 

.~ 14 

S
.E 12·-
a 10 
:::i 
III 8 
> 

:;::I 
8..!! 

III 
0::: 4 

2 • 

LiF:Mg, CU, Si(1.90) 

•. Heating Rate 1 ·Cls ~. 
~- Heating Rate 5 ·CIs 


-- Healing Rate 7 ·Cls 


-r- H.aling Rile 11 "CIs , ~ 


..... Helling Rile 17 ·Cls 
 .1 
!'* "\ 

* 
\ 

O~----------..~~~--~~~--~ 
o 50 100 150 200 250 300 350 

T emperature(°C) . . 
4 0' Cl.oli:l QI -=9 Q d Q 

lIl'Wfl4.38 111U'I1'U'iflWtUJlJftfil'l1t'ln (T,) 'UmNt'lm·)m~fJ1'1f'U~ LiF : Mg (0.20), Cu (0.05), Si 

(1.90) V'UVln~1fJhhumlJ CGCD lrlmLl~fJ'UHLlt'l'i511';jlflW'I1fJiJ~1..rn'lJt~~N~n 
25,--------------------------------------------, 

LiF:Mg, CU, Si{2.00) 

f---;;~ting R~·;;;·~-;;Cl;;j 

l 
Ib 20 

•..... Heating Rate 5 'Cls i'iii 
c 

Heating Rate 7 "Cis i.s 
.E.. 15 

-¥- Heating Rate 11 OC.Is I 
.c 
en ...... Heating Rate 17 oC~:::i 
& 10 
>

:;:::I 
111 
Gi 
0::: 5 

oL,~______..~~~~~~--
o 50 100 150 200 250 300 350 

Temperature(oC) . 
.q 0' 4.c'! cv 

lIl'Wfl4.39 ~lU'l1'U'iflW'I1fJlJftfil'l1t'ln (Tj 
. 

C:I Q.c1 C\ 

'UfNNt'lm'lf.:j!~fJ1'1f'U~ LiF : Mg (0.20), Cu (0.05),Si(2.00) 

V'UVln~1(JlL1mmlJ CGCD lrlmLl~fJ'UuLlM5mlflW'I1fJiJ~1..rn1Jl~~N~f1 

http:lIl'Wfl4.38
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7 
IffTlD 100 

,,~ 

6 Heating Rate 1 'Cls 

,• ,, 111- Heating Rate 5 'Cls~ 
411 5c 

.-•..
••-..- Heating Rate 7 'Cls.s 

.5 4 '~·HeatingRate11·Cls... .c ••91 •. Heating Rate 17 'Cls •...I 3 

.~ 
'lii 2 

~ 

0 

• 

• 
0 50 100 150 200 250 300 350 

Temperature(OC) 

illft~ 4.40 	IPilU'HU~~W'HfJii~f1'H€in (T,,) 'U{)~N~fl'¥1U{)~~~Nii~U~~~1'HU1[Jl'U!;nnw"Jftl'U{)~ 
'IJ~,rVl Harshaw - Bicron (TLDIOO) ,r'\..l'i1n~';whhun'HJ CGCD trt~mJ~[J'\..Iutl~~ 

tJ~'jlfJW'HfJii~l,rn'IJl~~Nan 
14.00 • LiF:Mg,cu,SI(O.9) Poly 

12.00 


00
!il10. y =8648.1x· 5.1434 
~ 8.00 R2 =O.9947 
~ 6.00-.s 4.00 

2.00 
0.00 + ..~---.-~-~.-~.-

0.0017 0.0018 0.0019 0.0020 0.0021 
1fTm 

• LiF:Mg, Cu, SI (0.00)14.00 	 - .......... J--­
~~~-- ~~~~.~~ 

12.00 

~iil'10.00 
~ 8.00 

y= 18182x-23.79 . 

R2 =0.8998 
~ 6.00-.s 4.00 

2.00 
0.00 

0.0018 0.0019 0.0019 0.0020 0.0020 
1ITm 

ill'Vt~ 4.42 f1111Jff1J~'\..I'fi'j~'H11~ Logarithm 'U{)~ T:; / f3 fi'IJ 111',. 'U{)~Nam;~t~[J1"JfU~ LiF : Mg 

(0.20), Cu (0.05), Si (0.00) trtm11m·ntl~[J'\..I~w'HfJii~ 1, 5, 7, 11 U~~ 17 °C/s 
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14.00 • lIF:Mg,Cu,Si(0.15) 

12.00 

iii'10.00 
y =19337x ·26.441 

~ 8.00 -----------­R2 =0.9867 
t:. 6.00 
.5 4.00 

2.00 
0.00 1--------T--­

0.0019 0.0019 0.0020 0.0020 0.0021 

1ITm 

J Q;cvl/ 1 Q.' 4.Qd.Q
Ill'rt'n 4.43 fl111Jff1J'YflJ'Ii':i:;:'H1H Logarithm 'lJ6~ T; / f3 fl1J IITm'lJ6~fHlm'l:mqoun"lf'IJ" LiF : Mg 

(0.20), ell (0.05), Si (0.15) lrt6'¥11fl1':iltl~U'lJfJW'H1JiJ~ 1,5,7,11 H1:I:;: 17 °e/s 

• LiF:Mg, Cu, Si (0.30) __ _14.00 .-----......-~~-~-~---------------.. . 

12.00 
iii' 10.00 

~ 8.00 
t::. 6.00 
.s 4.00 

• 
y. 17590x ·23.575 • 
R1 =0.9019 ' 

2.00 
0.00 

0.0019 0.0019 0.0020 0.0020 0.0021 

1ITm 

J QlQ,lf!, (V Jdir~.d Q 

iIl'rt'n 4.44 fl111Jff1J'W'IJ'Ii':i::;'H1H Logarithm 'lJ6~ T; / f3 fl1J lIT,n 'lJ6~N1:Im"lf~l"U1"lf'IJ" LiF : Mg 

(0.20), ell (0.05), Si (0.30) trt6'¥11fl1':iAtI~U'lJfJW'H 1JiJ~ 1, 5, 7, 11 H1:I::; 17 °e/s 

14.00 • LiF:Mg, Cu, SI (0.50) 

12.00 ___-----.._--.-! 
iii'10.00 __ I • 

~ 8.00 
.-: 6.00 
"­.s 4.00 

2.00 
0.00 +----,-­

y = 15933x ·20.149 
R2 ·O.8522 

0.0019 0.0019 0.0020 0.0020 0.0021 

1ITm 

J CVQlt/, QI cQQ,J Q 

Ill'rt'n 4.45 fl111Jff1J'W'IJ'Ii':i::;'H1H Logarithm 'lJ6~ T; / f3 fl1J IIT,n 'lJ6.:JN1:Im"lf.:Jl"U1"lf'IJ" LiF : Mg 

(0.20), ell (0.05), Si (0.50) Lrt6'¥11fl1':iltl~U'lJfJW'H1JiJ~ 1,5, 7, 11 Am::; 17 °e/s 

http:iii'10.00
http:lIF:Mg,Cu,Si(0.15
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• LiF:Mg, Cu, 51 (0.70) I14.00 
12.00 

iii'10.00 ------:::::::21 
2C;;j 8.00 R "0.9469

! 6.00 
'­
S 4.00 

2.00 
0.00 I 

0.0018 0.0019 0.0019 0.0020 0.0020 0.0021 

1ffm 

.cl f Q.I #:9,QAQ.lQ.ltf Q 

.fIl'W'fI 4.46 fl111.l'ff1.l'Vt'U1i1:l:111H Logarithm 'U~H T;; / f3 flU lITm 'UtJ.:jFff'lm"J)'.:jlf1V1"J)''Ufi LiF : Mg 

(0.20), ell (0.05), Si (0.70) ~rlm11f1111t1~V'Uf2tlrYlfJii~ 1,5, 7, 11 Ull: 17 eels 

12.00 

(it 10.00 i • • 
'1-1170b -11.396 

~ 
E 

8.001 
6.001 

R2 "O.9169 

S 4.00' 

2.00 

0.00 
0.0018 0.0019 0.0019 0.0020 0.0020 0.0021' 

1ffm 
-~.- ..,. 

d Q.lQ.ltI I Q.I dQ,~.Q
.fIl'W'fI 4.47 fl111.l'ff1.l'Vt'U1i1:l:1111.:j Logarithm 'U~).:j T;; / f3 flU IlTm 'UtJ.:jHllm"J)'~~flV1')f'Ufi LiF : Mg 

(0.20), ell (0.05), Si(0.90) ~rltJ1'l1f1111t1~V'Uf2Wl1fJii~ 1,5, 7, 11 Ull:l: 17 eels 

~'---~,--~'-'-'-""-"""" . 
I 14.00 • . .L::i.~:r.'IJ!,.~~5~(~~OL ~ 

I 12.00 l_----.--.---;.~;:~
•iii'10.00 y=12330x-12.5 
~ 8.00 R2 .. 0.9642 

! 6.00 
'­
S 4.00 

2.00 
.0.00 -+---~-.~-.- ~- - ----- ---,-- - ---- - .. j 

0.0018 0.0019 0.0019 0.0020 0.0020 0.0021 

1ffm 

.; Q.lQ.I(!/ I QI Cl~.d Q 

.fIl'W'fI 4.48 fl111.l'ff1.l'Vt'U1i1:l:1111.:j Logarithm 'UtJ.:j T;; / f3 flU IITm 'UtJ~Hllm"J)'.:jLflV1"J)''Ufi LiF : Mg 

(0.20), ell (0.05), Si (1.20) LrltJ1'l1f1111t1~V'Uf2Wl1fJii~ 1,5, 7, 11 Ull: 17 eels 

http:iii'10.00
http:iii'10.00
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2.00 

0.00 
0.0017 0.0018 0.0019 0.0020 0.0021 

1ITm 

J 
iIl'W" 4.49 

QJ<vtl, QI ,fIl!iQ4 Q 

fr:mJffll'W'lJll'j~'tYdl-:1 Logarithm 'tI'e)-:I T,; / {3 fl'lJ llTm 'tI'e)-:lAt'lm'lf-:lt~HJd'lf'IJ~ LiF : Mg 

(0.20), eu (0.05), Si (1.50) !rlm;'mm.J~fl'IJ~tlmiJil~ 1,5, 7, 11 Ut'l~ 17 °e/s 
I---~~'--~.......-.-r·· ,_:~= 1. · .-.,C,S,,,.70) ! 

y =16767x • 21.702 
(;;i 8.00 

R2 =0.9658 
~ 6.00 I 
.s 4.00 

2.00 
0.00 .. --------,- --------T 

0.0019 0.0019 0.0020 0.0020 0.0021 I 

1ITm 

iIl'W~ 4.50 f1dl11"hJ~'lJi''j~'tY1H Logarithm 'tI'e)-:I T,; / {3 tit! llT m 'tI'e)-:lA~m~-:I!~fld'lfiA~ LiF : Mg 

(0.20), eu (0.05), Si (1.70) lrlmtjlm'jt,j~fl'IJ~W'tYiJil~ 1, 5, 7, 11 Ut'l~ 17 eels 

14.00 • LlF:Mg, Cu, Si (1.90) j 

12.00 --_....----.,ali0.00 --- y =13768x - 15.6 

~ 8.00 R2 =0.9519 

t:::. 6.00 
oS 4.00 

2.00 
0.00 +---- ...... ---..-...-. 

0.0018 0.0019 0.0019 0.0020 0.0020 0.0021 
1ITm 

iIl'W~ 4.51 f1dl11ffll~'lJ1h~'tY1H Logarithm 'tI'e)-:I T,; / {3 tit! llT m 'tI'e)-:lA~m~-:ll~Vd'lfiA~ LiF : Mg 

(0.20), eu (0.05), Si (1.90) !rlm;lfl1'jl,j~I'J'\.l~w'tYiJil~ 1,5, 7, 11 Ut'l~ 17 eels 
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14.00 ---r--'-~ 
• 

Qi'10.00 

12.00 

.......---~ y =14089x ·16.243 
~ 8.00 R2 =O.8952E. 6.00 

.s 4.00 


2.00 
-~--------.- - ­0.00 

0.0018 0.0019 0.0019 0.0020 0.0020 0.0021 
1ITm . 	 . 

.c:I jV Q.I tI , 	 Q.I .cQ Q d Q2/
.fllft'fl 4.52 f11111tnJ'r"\.J'Ii':i~1111'1 Logarithm 'tI~'1 T m f3 tI1J lITm 'tIrJ'IN1:ltWIf'lt~Hl1'11lJ~ LiF : Mg 

(0.20), Cu (0.05), Si (2.00) trlm'hm':il11~tJlJ~Wl1fJi1~ 1,5, 7, II1t1:l~ 17 °C/s 

14.00 c= .TLD100 f-!-----------, 

12.00 r-------------------- - --I 

iii' 10.00 i ­ y " 12702x • 14.089 
N 8.00 ~ R'" 0.8948 

~ 6.00 ~ 
.s 4.00 j 

2.00 II 

0.00 	 ,;----------------,-------- -'----'--,---------------'1'''----- -- ------,--­

0.0019 0.0019 0.0020 0.0020 0.0021 0.0021 
1ITm 

J Q,I Q.I' tI f 	 Q.I.c9 Q dd ~ 
fllft'fl 4.53 f11111ffll'VtlJ'Ii':i~1111'1 Logarithm 'tI~'1 T':; / f3 flU lIT,n 'tIrJ'INClfl'VJ1t~Clfl'VJN1:liOlU1:l::; 

'illl1UltJLlJ!G]f'l'Vt1ru'l1d'tl~'1U~,;'VJ Harshaw - Bicron (TLDIOO) !rlm11m':i!11~tJlJ . 
""'" ~Wl1fJll'VJ 1,5,7, 11 U1:l~ 17 °C/s 

~lflJlJ'll1f;'~1All1fillJ1W l~tJL~l11!f1Cl'tl rJ'ImlJfI~Cl aUCl~1ClfjlJIf ;'1!~lJ111iOl111 

T2 E I (1)Jn~-(-)- In E 
fJ k T", sk 

. 
<o!I I "" 

K f1~ fI1f1'1'VJ Boltzmann's 

<o!I ••
E f1~ actIvatIOn energy 

<o!I 
s 	 f1rJ frequency factor 

http:Qi'10.00
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~ Jt 0 0 '1.l ')I ,.s d "I ')I... ')I ~1 
''If)fll HIf)'.I:IltlJ tl'Vllfll'j fll'W 101 l 'Wl'IHH ~'W'V'f1J11fH'If)'Vl l!P) lJfl11lJl'lllJU ff ~L'Vltl'j lJ\1 

ih'W ffl9f'W~11hU~U'W!tUll~l~tll'~lJfh fl~71fll7 'l..rfl11lJ~ tl'W ~'l~'l 'Wfll7 ~1'WfhmlJ101ttff~i~u~ 1 

O~ 20 fNfI'119flll;Uff inf)ll11fHvJ~'l ,filO1 '11 flii'llil,rVlfl'l,":rf)~fI!~U1Ull~~lU'l1tJ~f101'I1 flii'lltl~~fI 
q qJ ~ qJ 

'I1"'f)ijfh!i4lJ~'W!~mi4lJfl9l7 lfll7 'l,ffl11lJ!il'W 1~ tJijfl11lJfflJ,.r'W'fil~'W U'IJ'IJ'Vi "'~ ~1'W"ll,1rili'IJ~ 
.c!I .c!I ?I "I A I 1 ~ ...... ~,d"l'}l .... d0 

'I1'W~ 9f~!lJ'W llJ9IllJ 1I1~ll'llil~m'W!p)illlllUllg:1llfl'Wff fI1'Vll~"1f)fll7f11'W101Uff~~~~~171~'Vl 4.4 

... ... ... 
'b''UAflUtlDA 

LiF: Mg(O.2), Cu(O.05), Vary Si 

(mole %) 

Poly 

, ... ,4,.., ,.., ... J 
fll'nl1u.UPltl1n'UAn'nD~~1'UQD'U 

, " '., .ji~,c~ ;IE(eV) ,~~!~.. ~}:» 
0.7449 1.481e

(i 

Si (0.00) 1.5662 3.904xI0
14 

Si(0.15) 1.6657 5.882xI0
15 

Si (0.30) 1.5152 3.046xI0
14 

Si (0.50) 1.3725 8.972xIO
I2 

Si (0.70) 1.2338 2.893xIO
II 

Si (0.90) 1.0082 1.041xl0
9 

Si (1.20) 1.0621 3.309xI0
9 

Si (1.50) 0.8546 2.225xI0
7 

Si (1.70) 1.4443 4.461xI0
13 

Si (1.90) 1.1860 8.201xIO
IO 

Si (2.00) 1.2136 1.596x10
11 

TLD 100 1.0941 1.669xIO
IO 

A I ~ ~ "I '}I , , .... I I .... 14·1 d A r= ')I ')I 

!lJil7!9f'W~ 19'1fll E !'Vlln'IJ 1.5662 eV Ull~fI1 s !'Vllf)'IJ 3.904xlO sec 'VllJ7lJ101fl11lJl'lllJ'Il'W 

15ffn!~tlCH~f)il'W 0.15 llJlllUilll9f'W9l '~fh E !VhO'IJ 1.6657 eV Ull~fh s !VhO'IJ 5.882xI0 sec· 
t 
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.A: ~ ... r= :11:11" ~~ 0 GJ 91 , d i 'JI 0 QI

UC'I::;:UHHVllJlJ'UnWfl1llJt'UlJ'Utlffl'HlIfl9H'lmn.J1I::::m ~'HfI1 E UC'I:::: s lJU'\..J1 tllJC'I~C'I~llllJm~'U 

-dlt1Niifl'ViUflC'l~~NftllUC'l::;,]l'H'\.htJltlt~~VllW'lf~'UfJ~'U~'I:i'VI Harshaw - Bicron (TLDlOO)'~fh E 
r c:v ,r tV 10.) 

t'VIln'U 1.0941 eV UC'I::;fll s t'VIln'U 1.669xlO sec 

I 
_ ~ QJ 4t 4t411 , ~ 61 ' v cI 

4.5.3 Ntl'Utl~lJ'nnW1~Ufl1JfttlfllUJ n!'Ufl11fttl1JU'Utl~fttl'HU 

n u 1~ tI~ lJ lW i'~ ff~1 tJfiUfJ C'I ~ Jtl1iw;h t~tI n u 1~ tI~ lJ 1 W i'~ ff'VI H V'fJ lJ 1 ~ tJ 1 ~l1"n n n 

fl1llJffUWtlnl::;l1'h;JmlJ lWUff~~ tlri fltJfJfln1J1 'ill nfiufJC'I ~n'Um 1J lW i'~ff~ fi UflC'l ~,~i''UlJ 1ri fltl 

l1'I!lJtI 1~tJfiUfJC'I~~~'iI::;~mfllllJff1J'Wtln'UfJ~m1J1wi~nril1U'U'U'~tI'~~ttNtI 
'illnf11l-Wlfi,mC'l~'tI\lltJi'~ff'fJnGJ1~m1J1wi'~ffi~u~ 0.10, 0.50, 1.00, 1.50, 2.00 

UC'I::; 3.00 mGy. UC'I::;-W1'fJthtlfhm1J1WUff~~tlrifJtJfJfln1J1'i1lnfiufJC'I~ '~NC'lf11l 'VI~C'lfJ~1tlmVl~ 
ol!

4.54 t:l~ 4.65 

350 
UF:MgIO.20), Cu(O.05). Si (O.eo) Poly: 

300 

G 250 .s 
; 200 

~ 150.. 
~ 100 

50 

o 

I------~---

y =95.489x + 11.362 
R2 =0.9556 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5: 
,nIlU1l1~i (mGy.) 

1I1't't~ 4.54 fl1l1Jff1J~'Unl ::::Wll~m1J1WUff~~tlftfltJfJfln1J1n'Um1J1W i'~ffmncH~m1J1W~1~ ~ 
n'U'UfJ~NiinlVln'lfO~ LiF : Mg (0.20), Cu (0.05), Si (0.90) 

250 I 

200 
~ 
':;' 150 
Ie 
~ 100::: 
~ 

50 

• UF:Mg (0.20) Cu (O.OS) $I (O.iS) 

y = 74.33x + 13.846 . 

~=O.9888 

o +.-._-,--_... ­
I 

3.5:0.0 0.5 1.0 1.5 2.0 2.5 3.0 
1l1211G1,~a (mGy.) 

1I1't't~ 4.55 fI.1l1Jff1J~'Unl::::wll~m1J1WUff~n'Um1Jlwi'~ff~1,rn'UNiim~~t~tJl'lfO~ LiF : Mg 

(0.20), Cu (0.05), Si (0.15) 

http:UF:MgIO.20
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U 250 
..s.,. 200!! 
iii 150,... 
::: 

S; 100 

50 

0 

----:-::=-=---;-: ........-.--~--------.- ­
• LiF:Mg (0.20) Cu (0.05) Si (0.301 

0.5 1.0 

y =93.2S7x + 14.187 

~=O.9889 

1.5 2.0 2.5 3.00.0 3.5: 
U1111tl11-1" (mGy.) 

(0.20), Cu (0.05), Si (0.30) 

a ! 

0.0 0.5 1.0 1.5 
tA1Iltl.l,~n (mGy.) 

2.0 2.5 3.0 3.5 

~-- ........ -­-----­ --­ -

m't't~ 4.57 fl11:uff:u-nlJll''j~'H';h-:jm:U1WUff-:jfilJ1.B:U1Wr~ff~i..rfitJVl~m;~H~fJ1'1fij~ LiF : Mg 

(0.20), Cu (0.05), Si (0.50) 

500 
LlF:Mg (0.201 Cu (0.05) SI (0.70) 

400 -­(,.) 

..s 300.., 
g 
!! 200 
~ 

(.,. 

~ 

100 

0 

y =148.8x + 14.108 • 
I 

~=O.9972 ~ i 
I I 
: i 

I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

(0.20), Cu (0.05), Si (0.70) 
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0.0 O.S 1.0 

Y= 40S.42x + 4.S037 i 
~=0.997S 

2.S 3.0 

700 i i • LiF:Mg (0.20)Cu (O.O~!§i_ (~.~!_ 
600 I 

G 500 1 
..s : 
;; 400 l 

~ 
~ 

I 

300 ~ 
i

200 ! 
I 

y = 197.89x + 5.1711 
R2 = 0.9985 

10: k-,­ __---,____,____ T­ _____ T--­

3.5 
l.o'O. . O~_1._0_~~~~~n (:'i~___2.5____ 3.0 

(0.20), ell (0.05), Si (0.90) 

::: IL.--':'~:M9 (o.~) cu_~.o_S) SI (!.2~l! -­

0' soo 
..s5 400 Y = 218.3x ·10.128 

~ ~L~_._._-=~. 
0.0 O.S 1.0 1.S 2.0 2.S 3.0 3.S 

tA"lW1'1a (mGy.) 


, , , 

q Q.I Q.I tI ,_ ~ Q.I _ ~ Q.I .cl.clGl ~ Q.I ..:9 ~.cl .c:::.. 

.fI1'rtfl 4.60 tl1111ffll'VfU1i'j~'I111-:jlJ'j1J1t\mff-:jfl1JlJ'j1J1tu'j-:jff'Yl ~'I1flllf-H'fl!'lf-:j!~tl1'lfU~ LiF : Mg 

(0.20), ell (0.05), Si (1.20) 

1400 
• LIF:Mg (0.20) Cu (O.OS) Si (1.S0) 

1200 


0' 1000 

..s.. 800 
5 

, 

a SOO 
; 400fro 

-;:I 
200 

I I 

0 I 

3.S1.S 2.0 

(0.20), ell (0.05), Si (1.50) 
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600 

C500 ILiF:Mg (0.20l, eu (0.05), Si (1.70) I ~ 
. "// 

! 400 /'
'" 	 ~ 
! 300 ~/ y:: 164.48x+ 29.746 
i ~"/" Rl:: 0.9986:: 200.. 
'5 100·· /'¥" 

V 
o 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

(0.20), eu (0.05), Si (1.70) 

500 

!liF:Mg (0.20), Cu (0.05), Si (1.90)! A 


400 . 

G s 300.., y =141.54x + 29.746
! 

R':: 0.9962 ~ 200 
E 

£E 100 

a 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

tR UHlir~if (mG~".) 

(0.20), eu (0.05), Si (1.90) 

500 


[ii:Mg (0.20), Cu (0.05), Si (2.00)! 

400 

~ 300 
y 122.53)(+ 47.121 

R2 =0.984i 200 

~ 
100 

o 
0.0 	 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

tfiJl1fl11.Jw (mG)".) 

(0.20), eu (0.05), Si (2.00) 

http:tfiJl1fl11.Jw
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TLO 100 
200 

g150 
.., 

i 100 
c
i£ 50 

0.0 1.0 2.0 
tRlI1M~" (mGy.) 

3.0 

.fll'W~ 4.65 	jil11lJfflJ1i''Wn';i~ ..rhn.filJ1wmY~nmfilJ1wi'~iY~1,rn1J~iifl~m)~;;~~i1~u~~~hmlltl 

''W!'i1~'W1W'lft1'\JV~1Jl"r'YI Harshaw Bicron (TLDlOO) 

1l1flm'W~ 4.54 ~~ 4.65 mY~~,,rn~'W11'1.filJ1WUff~~tlriVtlVVfllJl1l1fl~UV~;;n1J 

mlJ1wi'~ iY~~uv~;; lfli'1Ji1ji111lJfflJ1i''Wnn'Wu1J1Jmlvh~'W\P1 H lfltli1f111lJll'J'W!'i1~!~'W;; i1fll 
'" 	 1 , . 

, (V (V 	 Ai:'! d,cS d 4S Q 4 c!l Q aid Q

correlation 	 coefficient l'YIlfl1J 0.9 'YI~'YIUV~fl~~fl 'W~ ~~m'lf~lfltllU~~~~fl'YIUV~fl'YI~~~U~~ 

~1 ..n.htl''Wl'i1,:j'W1W'lft1'\JV,:j1Jl"r'YI Harshaw - Bicron (TLDIOO) ff1tll~'h~uV~;;~'~1l1fl,:jl'U1.otl 
.. ..... .r...... '" "" .. .d "" "" .....,k "l 'j/ ~l .d ~l .d ...'j/ 	 "l 4
lJfJW fflJ1Jfl'\JV'W'YIm'YItllJfl1J'YIUV~fl'YI~~~ ~ 'Wl'lf,:j'Wl'W'lftl9$,:j ~ 'lfffl';il1lVllJ'W Mg U~~ Ti 'YIllJ'W'YI'WtllJ 

1~n'Wu'W·.h1~lvl'Wfl~fl 

180 
~""'xRay 

160 

!s: 80 

~ - 60 
411"" -= 40 

20 

o 
0.00 	0.15 0.30 0.45 0.60 0.75 0.90 1.05 1.20 1.35 1.50 1~65 1.80 1.95 1~10 2~25 

tl~1I1f\lnlllll.t;lInl"'IQO~nt)o II (m"lt· "(0) 

.fll'W~ 4.66 	 11.Avmfitl1Jf111lJfflJ1i''Wn';i~ ...dl,:jmlJ1WUff,:j~tlriVVVflfllJl1rtm11fl1';iltl~tl'WmlJ1W 
jil11lJ!,rlJ,r'W'\JV,:jff1';i!~V~i1flfl'W 0.00 ~~ 2.00 llJ~ltlfl~l~'W~ l1~,:j1l1flNl'Wfl1';i'Q1V 

i',:jiYWfl~U~~i',:jiYufllJlJl~mlJ1W ImGy. 

140 

120:-­.., 
3100 ... 

...--Gamma Ray 
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'0 InHClfll'j fftnmrnlJ '11~t)fll'j ~t)'Uff'Wt)~Vll~i'~ff,"fl~ '0 lml1H~nf1Ut)Cl~ , iJ Nl'Wfll'j 

~11 rJi'~fftt)ni'uCl~i'~ ffUnlJm~iJ'l mtIJ ImGy. 'n'Ul1 H~m;~ t~rJ1~ iJ'l mtIJ tl11lJt,j'mr'W'1It)~ 
ffl'jt~t)~i1nt)'W 0.00 - 0.50 llJCltiJt)!tC)f'W~ trlml1'iJVI~fft)'Uti'Ui'~fftt)ni''O~iimlJlt1JUff~mnnl1 

fll'j111 'iJVI~fft)'Uti'Ui'~ffUnlJ1J1iJ'j~lJltIJ 1 t'rh UCl~~mmtIJtl11lJt,j'lJ,j''W '1It)~ffl'j t~t)~i1nt)'W 0.70 

2.00 llJCltiJt)!tC)f'W~ trlmjl '1iJVI~fft)'Uti'Ui'~fftt)ni''O~iimmtIJUff .:Jmnwhn1'J111 '1iJVI~fft)'Uti'U 
i'~ffUnlJlJliJ'j~1I1tIJ 2 t'rh 

~~J'W''Wfll'jfff1lnfJtlJffll'Ull'1lt)~f1Ht)Cl~ ''Wff1'W'1It)~fltnltIJ~ lnCl1tfHYl tl11lJlrJ'Wt;~ 
t~'W fll'j ~f1t~\~'11 t)~m lJlt1JUff~ fllnl1 nfl1J m '~~1'WJ1'1 UCl~ fll 'jt11'W1tIJ,"1~1'nl'jliJ!~ t) fti'U~n 

4.5.4 m1~n~H'lJ8~m2JltlUliJ~ (Residual Dose) 

n1'Jffm:l1fftytylt1JUff~~ntfl.:J''WH~nl'n~ H~m;~!~rJ1UCl~H~nf1ut)Cl~~ 

Hi1~UCl~,}l,"\l1u''Wt;~'nlW''lfV'1lt).:J'U'l1fVl Harshaw - Bicron (TLDIOO) vilfll'jVl~fft)'UfJtlJfflJ1Jll 

fll'j~ntfl~'1It)~mlJlt1JUff~ l~mnui'~ffwni'~mmtIJ 1 mGy. 'OlnJ'WvilfllHh'WmmtIJUff~ 
'1~HClfll'jVl~Clt).:J Uff~~''Wm'n~ 4.50 

160 


140 
 f 

120 
(-4) 

100 
'-' +..:. 
;.; 

• 
~80:= 

l! cg 60 

40 

+ LiF:;\III. Cu, SI (0,00) 

• LIT:;\III. Cu, SHO.1S) 

.:c. UF:).I!:, Cu. 51 (o.:m) 

LiF:~\III. (. u, SI (0.56) 


I LlT:'.III. Cu. SI(O.'O) 


• LlT:\lg. Cu, 51(0.90) 

: LlF::l.11I. Cu, 81(1.20) 

= L1T::\III. Cu. 51 U.56) 

il,F:\lg. Cu. SI (1.'10) 

LIl·:;\III. Cu. $1 (1.90) 

LiT::\III. Cu. 51(1.00) 

',,J LlF:'!&:. Cu 51 (0.901 Poi).' 

• 'I'Ll) 100 
~------------,~ 

20 "" :. ~ ~* • ,0 -t-------,...--------.--------.-"'-------,--------1' 

0 2 3 5 

~ l\OtJfl ¥{I'tJfl1'l 01tJ 
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~lflfl1'j ffflll1 tl'hnwUff~~flfh~1t.! Nftfll'Vt~H i:'I~ Nftm:jf~ t~ tl1trt ~)'vi1fl1'j ~1t11~ff 

tflfli'~tI'hI1W 1 mGy. ~lmft.!'Yl1fll'j~1t.!mlJ1Wuff~J1 5 flf~ tvlfll'1~fffl'IJmlJ1WUff~~fltf1~ 
" .

'Vt'IJ'hH~~~lfl~1t.!mmWUff~fl1~ii 2 mlJ1WmH~fltf1~'tIfl~Nftfll'Vt~~dj,'ltJ'j~lJ1W 39 nC Ui:'I~ 
.,j , , ~ d ... ~~ 2! ~I .,j.....s 1 .........

tlJflfllt.! t.!flHl'1 5 ~~lJ1J'jmwuff~~ml1~1J'j::mw 15 nC fl1~1t.!fl~m'il1flff'tlfl~Ni:'Ifl 'Vti:'llJff'tl11 

.,j t.! i~Jt.!trtfl'Yl1fll'j ~1t.!m mwuff~Nftfl ~::ljfll 'j ~~fl~t.! Atff~,1''lJ1~ ff1t.! Nft fl~~hiff1m'j tl tJrlfltl. ~ 

Uff~flflfllJl'~~~'HlJ~ ff1t.!1t.! Nftm:jf~L~tl1~mlJ1Wfl11lJt,rlJ,rt.!'tI fl~ffl'j t~fl~n flflt.!J~U~ 0.00 

~ A Q..:! ~ o".c:a .c:a rI ~ QI 

t.!ff1t.!Ni:'Ifll'1Ufli:'l~l'1Ni:'I~L1i:'I::~1'Ht.!lt1 t.!l~~'VtlW~tI'tIfl~'lJnJl'1 Harshaw - Bicron 

" " . 
" tJ~ mWUff~~flf{H'tIfl~Nftfll'Vt~~~lj(TLDI00) '!!t.! 'Vt'IJ 11'H~~ ~l1fl~lt.!mmwuff~flt~ii 2 

• .,j • 1 t~ Q ~ flltJ'j~mW 10 nC Ui:'ItLlJflfllt.! t.!flHl'1 5 ~tlJilimWUff~~ml1-.1tJ'jtlJ1W 5 nC 

...... ..,
4.5.5 m'1n~tTB'Ut;}WtT1J'UPlfll'H)H't'iUl'1lMtTf.lJf.lJ1WU"~ (Fading) 

dl ...,. .., 

Ni:'Ifll'jfffl1:l1 fll'jl'1~fffl'IJfJWfflJ'IJ~fll'j~1~111t1't1fl~fftyty1W (Fading) TLD LiF (Mg:0.2 

mol% Cu:0.05 mol% Si:0.9 mol% ) l~tlfllnh TLD ~1t.!1t.! 15 L~~ itJUflt.!-Ui:'ltvltl'rl 

Htgfl~'jflt.!i:'I-.1'illflt1'IJiflHLgfl~'jflt.!~t2Wt.lil400 °C A~t.!!1i:'11 1 ~lJ. 'illmrt.!l11t~~ TLD 'tJ~1[J1~ff 
,gfli'~Al'1fl'Uflfll'j~lt1 30 rnA 100 kV ililJ1W1~ff Dose 300 mRem U~1~1t.!f{1mfl1tl~~1t.! 

TLD 1~tI-UlfltlfllJ1~1t.!flf~i:'I~ 3 L~~ It.!lt.!~ 7 It.!~ 14 It.!~ 30 It.!~ 60 Ui:'lt1t.!~ 90 'H~~'illfl 
~1t11~ff i~Ni:'Ifll'jl'1~i:'Ifl~i~~l'jl~~ 4.5 
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TLD Chip No 
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D7 


J6 


C5 


FlO 


G6 


DIO 


H3 

E2 

Time(Days) Reading (nC) X±SD 

251.5 

7 259.5 

251.1 254.1 ±4.702 

255.9 

14 255.3 

253.9 255.1±1.044 

289.9 

30 249.6 

236.5 558.7 ±27.83 

E1 

F3 

E6 


E8 


L7 


AIO 


60 

90 

268.7 I 
251.1 I 

268.9 262.9± 10.24 

268.9 

251.1 

268.9 263.0±JO.27 

300 

'e 200 

l 
~ 

~ 100 
I-

o 
o 10 20 30 40 50 60 70 80 90 100 

Time (Days) 
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04 () QJ 4'1" '" Q 40

4.5.6 fl11Afllllfl11Ulfll'l1Jtlll'H1UCIJ1'UO~'nUOl'lR 

'illflfl1n'l~fffltJfltlHYlJtJ1ifl1';illlN~fl1vtii N~m6if"L~fJ1 Ua:N~fli1ufla~~• 
Nn?lua:'iinnhfJ'l,\JL6if"'VtlW"nJtlfl·mlET'Vl Harshaw Bicron (TLDIOO) l~fJ'l,~"l\J~l ~ 'iil\J1\J 5 

flr" l1~"'illflfl1'lU lVi'"ffLflflCJ1~mlJ1OA 1 mGy. 'illmr\J'rilfl1'l~1\JmlJ10AUff"~'~Nafl1'l'Vl~a~N 
uff~,,'l,\Jm'Vt~ 4.69 

350 

300 

250 
, ­
C,..: 
E 200 .... 
l:;:; 

! 150-
~ 

100 

50 

0 

~ 

-~UF:Mg. Cu. lit (0.00) 

I ,-'.' Lif':Mg. Cu. 51 (0.15) 
-,'~ UF:Mg. Cu, SI (0.30) 

UF:Mg. Cu. 51 (0.50) 
~----~ 

'-~-~ --lIF,Mg, Cu. 51 (0.70) 

,.+. LIF:Mg. Cu. 51 (0.90) 

" lIF:Mg, Cu. 51 (1.20) 

LlF:Mg. Cu, SI (1.50).- - ­ -,--.-- • --. . •• LlF:Mg. Cu, 51 (1.70) 

LIF:Mg. Cu. SI 11.90) 

lIF:Mg. Cu. SI (2.00) 

UF:Mg. Cu, SI (1).90) Poly 

TlO 100 

1 2 3 4 5 

~ lttlUft¥~'UlHlm'3' t; n'l-lcil 

Q.I t1I'" <V 0 t ~'l, fJ} ~ d.ci
.fI1'ft'n 4.69 fl1llJ fflJ'Vt\J 1i'l ::l11l"mlJ10AUff "fltJ'ill\J 1\JflH'Vl 'b'HU Cfflt1fl"tlJ~ Nafl 

'illflfl1'lfffl1:llmlJ10AUff"~'~l1~"'illfl'l11N~fll'Vtii N~m;"t~V1Lm:N~fli1ufla~~Nn?l 
Ua:'iill1\,hV'l,\JL""'VtlW'b'Vtlfl·mlET'Vl Harshaw Bicron (TLDI00) 'l1UlfJi'''ffLflflcH~mlJ10A 1 

'JI I 11 tI I I 

mGy. 'illflU\J~1\JmlJ10AUff"Vi '~Ha:'rilfl1'l 'I11N~mJ1 'l,~"1\J cHl 5 fl i'" Lftfl'Vl~fffltJmmOAUff"Vi 

'~~Vfl~lVifJtJntJm lJ10AUff"~ '~'illflfl1'l 'l,~"l\Jflr,,~ 1 'VttJ':i1m mOAUff" 1~mu~fJ~'~\JN~fl 
1 .Q ... 1 ... 1 tI ", " ~ Q.d d ... r= i' fJ} 4 ~Q

'Vta 'il::a~a "lJ'l::lJ lOA 35 llJfl'llCff\J?l ff1\J I\JNam'b' "1~fJ1'VllJ'l lJ lOA fl1llJLtllJtI\J ff1'll'il flCffaflfl\J 

0.00 ua: 0.15 llJatl1flflCff\J~ 'VttJllmlJ10AUff"1~mu~CJ'il::a~a,,11'l:mOA 5 tl1flfLCff\J~ ~mlJ1OA 
91 91 -II ""'" 1 _I" .. 1 _I':: 1.J

fl1llJLtllJ'U\Jffl'l1'ilflCffam)\J 0.30,0.50,0.70 ua: 0.90 lJaLlJflWl1\JIPI 'VttJ1llJ'llJ10AUff" ~muafJ 

http:0.30,0.50,0.70


90 

~I ~I d' d' "'AI':! :II 91 <II4...... 1 
":::1l~1l..'l1.l)~1l1W 10 11.I6)IC)fU~ Ull~'Yll.lnJ1Wfl111Jl'\J1J'\JUff1'jI"6C)fllt16U 1.20 fI..'l2.00 1Jll 

d' d' • ~I':! 1 '" ",..J. ~ .1 .1.... Jt <II "' ..
!1I6) !C)fU~ vn.nll.1)111 WUff .:I ~m~llV":::1Jml'Yl1J'\JU1.1) :::1l1W 5 !1.I6)!C)fU~ lU 'eH1l1"1t1Hllt11Jff 

'\Jl1~Ufh1..rlfi~m)~~t1auill1J1WUff..'l'{1JN~hU
• OJ 

1 U ff1uHgt1Yim:m~~ Hil~Ull::: ~1111hv 1 UI;..'l'Yll& 'lff1''\J6.:11J~1f'Yl Harshaw - Bicron 

(TLDlOO) ,I'U 'Yl1J':i1ill1J1WUff.:l 1~m~~v,,~1jfill~1J~'U1I)~1l1W 5 1116flC)fui01' !~6..'l1l1"1t1Hnt11j 
ff'\J11~U';11..r!fi~m'j~~t1auill1l1wUff.:l'11JHff1'U 

'" <IIfIl'Yl'Yl 4.70 tH 4.83 

- 152"C 

!kIp 

llUIi: 

,~-"'--,,~ l'reilUt: 
6I!'C 
0", 

""'ire: 

18 '"" BI'C 
fj)", 

_I: 
BI'C 

"lt1m'Yl~ 4.71 nt11Jw::: 1t11111~hJ'\J6..'lHgt11'Yl~l1n..'l"1t1t11'jloM'..'lluJl 'Yl1J'".h1jVffl 

!n~~'U 3 Vffl fi6Vffl 1 ~~lUl1ti..'lfJwl1~iJlIn:1l1w 152 'eHffl1C)flllCiWff Vffl 2 ~~1!1l1ti..'lfJWl1~iJ 
1I'j:;1l1W 198 6.:1ffl1C)fllICMt'Jff !!ll:::Vffl 3 ~~1!!l1ti.:lfJwl1~iJlIn;1l1w 268 6..'lffllC)fll1CMVff 



91 

Help 

S1.'l'l uC 

- 236·C 

11.1rl nil 

------­ ---_.._­ ~!~ 

a sec 
Acquire: 

18 'C/s 
300 'c 
60 sec 

Anneal: 
3l1li ·c 

!!~~~~~~~--!9= 

~ 267"(, 

''C:\PRO~rooX\pOOk~rHO, fUr': record 12-19 or 13el 

('U) 'I1~~fll'J1cti'~1'U~1 

Help 

il.B'3 nC 

10.53 nA 

Preheat: 
60 'c 

Acquire: 
18 ~c.-s 

:l8IJ 'c 
b8scc 

AImedl; 
:l8IJ 'c 

8 sec: 

"'''' .d ~ r.: " ".!J 1 A I '" "',C1f(lf16'U 'Yl1J'JlJ1rufl11lJ!'UlJ'U'U'UtI~ff1'Jl'IJtI 0.20, 0.05 H(I::: 0.00 lJm1JtI'J1C1f'U~ fltl'U 

" U(l:::'I1~~~1'Ufll'J1cti'~1'U9111 

'lJ1flm'Yt~ 4.72 'YtiJ';hOtl'Ufll'J 1 cti'~l'U~lij~l!m,J~~fl'l1 ~fl 1 ~fl~9i1H'I1,J ~fJru'l1 iji'J 
• " I t 

'iJ 'J :::mru 236 t1~ff1 !CIf(lI;Vff U(l:::'I1~~'lJ1 flfll'.i 1 cti'~ 1'U 911 'Yt iJ'j,ij fll'.i !'iJihJ'U~11&'I1U ~'UtI~~fl fi 

~llmU~fJru'l1iji'J'iJ'.i:::mru 267 t1~ff11C1f(lI;Vff ~.:Jij~1~h.:Jn'U'iJ'.i:::lJ1ru 31 V.:Jff1!CIf(l1;tlff 

Help 

72 .57 .c 

11.33 nil 

Prehe~t : 
6Il ·C 
Osee 

Acquire; 
18 ·f./'S 

300 ·c 
68 sec 

Annetll: 
300 ·c

8."" 

_272"C 

"C"YIIOJ'OOIC\YOOlLPIIO,TLD": """'N 71H of 825 "c "rIllUOOIC\POOK.rRO. fl.l)": record 'H8 of 9.2 

(fl) Otl'Ufll'.i 1cti'~1'U~1 

1l1'W~ 4.73 ~fl'I:Jru::: lfl(l11~i'VhJtl~N~m;~I~tl1'lfil~~(~tllJ't.J~tIt1L'.ilfl' : l1lJfli'h;tllJ fltl'iJl'iJtli 

"'''' .d.r.: " !II 1 AI '" '" I<!IC1f(lflV'U 'Yl1J'.ilJ1rufl11lJl'UlJ'U'U'UtI~ff1'.il'IJtI 0.20, 0.05 U(I::: 0.15 lJ(I!1JtI'.ilC1f'U~ fltl'U 

U(l:::'I1~.:J~1'Ufll'.i1cti'~1'U~11 

fJru'l1iji'J'iJ'.i:::lJ1ru 151 t1~ff1!CIf(l!;tlff ~fl 2 ~~lU'l1,J~fJru'l1ijii'iJ'.i:::mru 238 t1.:Jff1IClfm;tlffH(I:::~fl 

3 ~l9il11'11U~fJru 'I1ijii'iJ'.i:::mru 275 t1~ffl1C1f(lI;tlffl"':::'I1~.:J'lJ1flfll'.i1cti'~1'U~1 'YtiJ'j,ijI9i111'l1U .:J~fl 3 

, 
Q 0 I 

'Yl~lH'I1'U.:J 
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~fl fiB ~fl 1 ~~lU'Hl.i{lfJru'Ht.JiJ,j)~1I1ru 148 B{l"'W1HUGiUt'l' ~fl 2 ~~11ml.i{lfJru'Ht.JiJ,j)~1I1ru 

191 B{l"'ltC>lflUGiUt'l' UCl~~fl 3 ~~lU'Hl.i{lfJru'Ht.JiJ,j)~1I1ru 272 B{l"'Wl1C1tGiUt'l' 

165.~:lo0j.Cf 

,// 

./ 

- _.._.__.---­ Preheat: 
68 'c 
Osee 

Require: 
18 "C/s 

J89 '0 
68 =: 

ftnl1l'!a.l: 
JIl9 '0 

I) sec 

"C:,PRO .. pOOX\j:'OOJt:yRO,TLD": record 'J5l. of %l 

('tJ) ml{jfl1)i,tnuJl 

.fl1ft~ 4.74 nfl1Jru~ lf1C11ttif...J'tJB{ll'-lam'lf{lL~u1'Hi'lfli!hiU1J...J~BBh~ : u1JflihGimJ flB,jL,jBf 

.QCl d .... F- j/ 9J 4 1 ... 1 ~ tI,
C)fClflB'U 'YIu)1Jlrufl111JL'tJ1J'tJ'U'tJB{lt'l'l)L'ilB 0.20, 0.05 UCl~ 0.30 1JCltuB)tC)l"'Ufl f1B'U 

UCl~'Hn{lNl'Ufl1)'~{ll'UJl '1 

'illf1.f11ft~ 4.74 ft'l..rl1rifl'Ufl1)'~{jl'UJlij~ltml.i{l~fl 3 ~fl fifl ~fl 1 Yi~lLml.i{l 
fJru'Ht.JiJ,j)~lJ1ru 154 B{l"'lLC)fCltGiUt'l' ~fl 2 ~~ltml.i{l~ru'Ht.Jii,j)~1Jlru 265 fl{l"'lLC)fCltGiUt'l' ltCl~~fl 

3 ~~lLml.i{lfJru'H t.JiJ,j)~1Jlru 280 fl{j"'ltC)l"CltGiUt'I'UCI~'Hn{l'illf1fl1)'~{ll'WJl ft'lr;hij~ltml.i{j~fl 3 

~fl fifl ~fl 1 ~~ltml.i{lfJru'Ht.JiJ,j)~1Jlru 165 fl{l"'ltC)l"ClLGiUt'l' ~fl 2 ~~ltml.i{j~ru'Ht.JiJ,j)~lJ1ru 
200 fl{l"'ltC)l"Clt;Ut'l' UCl~~fl 3 ~~ltml.i{l~ru'Ht.JiJ,j)~1Jlru 284 fl{l"'ltC)flUGiUt'l' 

_~270UC 

11.08 nA 

Preheolt: 
... ·c 

• sec 
Ao:[ltire: 

10 '"c...-s 
100 ·C ... """ thme.] : 

""" ·c
"= 

d '" 1""" ....1 c9 ... d ...... '" •.1 "1" '" '" .1.1"1I1ftfl 4.75 Clfl1Jru:: f1C11Lfl'l11'tJtl{lI'-lClm'H{ltflU1'H'WflClt1iU1J11~flB !)fl : U1JfI'WtC)fU1J flflutufl) 

""... d.F- 'JI 'JI <!I 1 .1" ...C)fClflfl'W 'YIu)1Jlrufl111Jt'tJ1J'tJ'U'tJfl{lt'l'l)t'ilfl 0.20, 0.05 UCI~ 0.50 1JCIlufl'ItC)l"'Wfl f1fl'U 

ttCl~'Hn{lfh'Wflll'~{l1'WJ1 '1 
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~l1nfllV'l~ 4.75 V'ltl'hri'fl'Um'jl.u~1'U~11Ml~t'I1,j~Vifl 3 Vifl fl'fl Vifl 1 ~1911Lt'I1,j~ 

t;!w11fJihh~ll1W 171 'fl~flW1HUCHmY Vifl2 ~1911Lt'I1,j~t;!W11fJlJ1.h~ll1W 274 'fl~flW1HHCHtJff H,,~Vifl 

3 ~1911U11,j~'flW11fllJ1.h~1J1W 300 'fl~flWlfmCHtJff~t"~11"~'llnm'j 1~~1'U~1 V'I'l.r;hiiI911tt'l1,j~Vifl 3. .. 

301.15 11ft 

fit;quire! 
10 "C/s 

3110 ·c 
bIl~c 

Anl'lel'l; 
38B ·C 

9 sr.:c 

.J '" 1'" '" "'A.I .ell "" d "" '" Q A.I 11)'" "" Q "I "I ",.fll'WYI 4.76 "'nllW~ n"'1tfl'j11'IJ'fl~fI"'m"lf~Lfltl1'lf'Ufl"'Ltitl1J11~'fl'fl ~'jfl : U1Jn'ULClftl1J fl'fluLu'fl'j 

"""" d" ~ 3J 3J <!I 1 "I'" "" Clf",nm.J 'YI1J'j1J1Wfl111Jt'IJ1J'IJ'U'IJ'fl~ffl'jL~'fl 0.20, 0.05 u",~ 0.70 1J"'tumLClf'U~ n'fl'U 

U"'~11"~Nl'Um'j'oN~l'U~l "l 
~lnfllV'l~ 4.76V'1'1.j'hri'fl'Um'j'~~1'U~liiI911~t'I1,j-3Vifl 3 Vifl fl'fl Vifl 1 ~1911U11,j~ 

t;!W11fJlJtI'j:!:1J1W 157 'fl~flltClf"'tCHtlff Vifl 2 ~1911Lt'I1,j~t;!W11fJlJtI'j~1J1W 264 fHflltClf"'tCHtlff U",::::Vifl 

3 ~1911Lt'I1,j~t;!W11fJlJtI'j~1J1W 285 'fl~flltClf"'tCHtJffU"':11"~~lnm'j'~~l'U~l V'I'IYhiiI911tm,j~Vifl 3 

Vifl fl'fl Vifl 1 ~1911tt'l1,j~'flW11fllJtI'j::::1J1W 150 'fl-3flltClf"'ttiWff Vifl 2 ~1911U11tl~'flW11fllJtln:ll1W 
q 1:\1 q IU 

- 274°C......-­

IM,'lt, rile _ ~ftd...,,!!:=~..:'i~~~,li~.~~i!"I., 

111." II(; 83..-39/99"3 OJ/3lV2'9tN 86:]\);(';0 I 1;.': 
ll:fJ?:17 

-201"C -
159"C.... j..
I 

- 274"C 

117..8 pC 

J) ,1.2 !lA 

r~lI'CAt: 
(,fI: ·C 

if sec 
l1of(1ire: 

18 4C/S 

389 ·c 
fill st."C 

mine",l; 
:1Ii.lf:l ·C 

.fll'W~ 4.77 "nllW~ In'''{tfl1li'IJ'fl~fliim;~t~tJ1''1filflil~~tl1Jli~'fl'fl''j~ : H1JniliCHtl1J fl'fltlttl'fl1 

"'.... d"~ 3J 3J a 1 AI'" ", rClf",n'fl'U 'YIu'j1J1Wfl111JL'lJ1J'IJ'U'IJ'fl~ffl'jt~W 0.20, 0.05 tt"':::: 0.90 1J"Lu'fl'j~Clf'U~ nm...! 

U"'::::11"~Nl'Um'j1oN{jl'U~l "l 
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~10fl1\'f~ 4.77 "O':l:lW~ lmrl~t1f~'tit)~H~m;~t~~1'1fil~il(fi~:tJ~~tlt)h~ :U:tJO.utCHV:tJ 

... 1 .... 1 d' 44 d ... F- Ij} Ij} AI T ... 1 d' d' 1

flt)1Jt1Jtl'j t]lflOt)'U 'VI1J'j:lJ1Wfl11:tJt'ti:tJ'ti'U'tit)~ffl'jt~tl 0.20, 0.05 ttfl~ 0.90 t:tJm1JtlWlS'U~ \'f1J11 

ntl'Ufl1'j'~~l'U~ln~i'1Ul111~~fI 3 -Wfl fit) -Wfl 1 ~l9ilLmll~t;lwl1fJ:ij'll'j~:tJ1W 157 t)~f11Lt]lflLCH~ff -Wfl 

2 ~l9il1mll~f;!wl1fJii'll'j~:IJ1w 205 t)~f11Lt]lfllCHVff lm~-Wfl 3 ~l9ilLmll~f;!wl1fJ:ij'll'j~'lJ1W 274 tl~f11 

Lt]lmCH~ffUfl~11"~~1001'j'"*~1'U~1 \'f1J'j,nl9ilLmll~-wfi 3 -Wfl fit) ~fI 1 ~l9il!mll~fJwl1fJ:ij'll'j~:IJ1W 
159 tl~f111t]lfl!CH~ff -Wfl 2 ~l9ilLmll~fJwl1fJ:ij'll'j~:IJ1W 201 tl~f11Lt]lflLCH~ff ~lf1~-Wfl 3 ill9il!mll~ 

fJWl1fJ:ij'll'j~'lJ1W 274 t)~f11Lt]lfltCHVff 

Fi Ie _ Read ParMlctel's Al'pl katiom. Help 

3L051'fi 

J'rehe(l:t: 
L8 "c 
• see 

Acquire: 
10 ·C/s 

300 ·c 
68 see 

1\1Ictet!ll: 
300 ·c 

" sec 

- 268"(, 

- 191"C 

-Tt 
"C~"Pfl(U'OO~ro()K._PRO,TU": n:cord lZbZ of lJat 

""Ip 

12':;,9 nC 

32.7'8 nA 

Preheat: 
68 ·C 

• sec 
Acquire: 

ttl ·CI'S 
300 ·c 
r .. "'" 

8 sec 

m't'f~ 4.78 "O':l:lW~ 10fl11t11~'tit)~N~m;r~t~V1'1fil~ilifiv:tJ~~ijij''j~ : U:tJO.uLCH~:tJ tw'llL'llijl 

"'''' drt~ 31 31 '" 'I' .1" ",t]lflOt)'U 'VI1J'j:lJ1Wfl11:tJL'ti:tJ'ti'U'tit)~ff1'jt~ij 0.20, 0.05 11m: 1.20 !'lJflhJij'jtt]l'U~ Oij'U 

Ufl~l1"~~l'UOT:i'"*~l'U~l "1 

~10fl1\'f~ 4.78 \'f1J':hnt)'Ufl1'j'~~l'U~lij\9htmll~~fI 3 -Wfl fiij -Wfl 1 ~l9il1!l111~ 
fJWl1fJ:iJ'll'j~:IJ1W 113 ij~f11Lt]lflLCHVff -Wfl 2 ~l9il1mll~fJwl1fJij'll'j~:tJ1W 163 ij~f11tt]lflLCH~ff Ufl~-Wfl 

3 ~l9il1mll~f;!w11 fJ:iJ'll 'j~'lJ1W 265 t)~f11Lt]lflLCHVffUfl~11"~ ~10fl1'j1~~1'U ~1 \'f1J11ijl9il1mll~-wfi 3 

-Wfl fiij -Wfl 1 ~l9ilUl111~f;!Wl1fJ:iJ'll'j~:IJ1W 152 ij~f11tt]lflLCHVff -Wfl 2 ~l9iltmll~f;!wl1fJij'll'j~:IJ1W 
191 t)~f11Lt]lflLCHVff Ufl~-Wfl 3 ~l9iltmll~ijWl1fl:iJ'll'j~'lJ1W 268 ij~f11tt]lflLCHVff. .. 
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Help 

-268"(;-

"C"1RO)'OONOOURO.TLD'" rerord 1819 or 11HZ 

(fl) rifl'Ufl1'i,,r~l'UJl 

'il1flm'Vi~ 4.79 tffllJru~ 1fl~{lfl{'VI'Ufl~H~m;~1~trJ'l1u~i1(fimJvlt!flflh~ : UlJfl'U!CHf):IJ 

_I _I 0'...... d_~ :JI :JI "" "i .1 '" '" •
flfllJllJfl'i CJ1~flfl'U 't1lJ'i:lJ1rufll1:IJ!'U:IJ'U'U'Ufl~ff1'iI'i1fl 0.20, 0.05 U~~ 1.50 t:IJ~!lJfl'iICJ1'U~ 'Vi'Ul1 

rifl'Ufl1'i,,r~l'UJlii~lU'Htl~Tffl 4 Tffl tifl Tffl 1 ~~l!!'Htl~~ru'HfJijtJ'i~:lJlru 121 fl~f11!CJ1~!CHf)ff Tffl 

2 ~~l!!'Htl~~ru'HfJijtJ'i~:lJlru 161 fl~f11!CJ1~!CHf)ff Tffl 3 ~~lU'Htl~~ru'HfJijtJ'i~lJlru 261 fl~ffl 
!CJ1mCHf)fflm~Tffl 4 ~~11!'Htl~~ru'HfJijtJ'i~:IJ1ru 300 fl~f111CJ1~ICHf)ffU~~'Htf~'iI1flfl1'i1~~1'UJl 'Vilrl1 

ii~l!!'Htl~Tffl 3 Tffl tifl Tffl 1 ~~l!!'Htl~~ru'HfJijtJ'i~:IJ1ru 184 fl~f111CJ1~!CHf)ff Tffl 2 ~~11!'Htl~ 
flru'HflijtJ'i~:IJ1ru 207 fl'lf111CJ1~HCHf)ff l1~~Tffl 3 ~~11!'Htl'lflru'HflijtJ'i~lJlru 268 fl~f11!CJ1~ICHf)ff
" <U q IV 

-26S"C 

3Z,M 11ft 

---- ­ Prr.:he<tl: 
&9 ·c 
Osee 

flcquire: 
1£1 ·C/S'_·C 

~ 271"C----

1l1'W~ 4.80 tffllJru~ 1fl~{lfl{vl'Utl'lH~m;'lI~f)T1fiJ~i1!nf):IJ'VIt!flfl1'i~ : UlJflihCHf):IJ flfltJltJfl{ 

116.1 uC 

27. '10 utl 

Preheat: 
b9 ·C 

9 sec 
AcquiN!: 

19 "C/s 
300 ·c 

f>I! sec 
Aunedi; 

390 "c 
o sec 

...... d. ~ :JI :JI "" "i _I 0' 0'. 
CJ1~flfl'U 't1lJ'ilJlrufll1:IJ1'U:IJ'U'U'Utl'lffl'iI'i1fl 0.20, 0.05 11~~ 1.70 t:IJ~llJfl'i!CJ1'U~ fl'a'U 

U~~'Htf'l~·h'Ufl1'i1,r'l1'UJl "1 



96 


. 
"" 'ill fl flTV..Vl 4.80 

"" .. .1.1 "' .... '" .... r= ~ ~.!I 1
U:lJfllWlff.J:IJ fI'tllJllJ'tl' C1Hlfl'tl'IJ 'VllJ):IJ1tl.!fll1:IJ1'U:IJ'U'IJ'U{)~ffl'1'il'tl 0.20, 0.05 UCl~ 1.70 :lJCI 

ltl{)flCJ1'IJ~ Vi1J'.hn'tl'IJfl1)1,*~lWlhij~lU'HU~Vffl 3 -Wfl fl'tl -Wfl 1 ~~lU'HU~fJtl.!'HtJijtl)~:IJ1tl.! 143 

'tl~fll1CJ1C1191tJff Vffl 2 ~~111'HU.:JfJtl.!'HtJiitl'~:IJ1tl.! 188 'tl~fll1CJ1C1L91tJff 11C1:Vffl 3 ~~111'HU~fJtl.!'HtJii 
tl'~:IJ1tl.! 268 'tl.:JfllLCJlCll91tJffL1CI:m;.:J'illflfl1)',*.:J1'IJ~1 Vitr.hiM1U'HU~-Wfi 3 -Wfl fl{) -Wfl 1 ~ 
~lL1'HU.:J{)tl.!'Hfliitl):l::IJ1tl.! 149 'tl.:JfllLCJlCll91tJff Vffl 2 ~~111'HU~Fltl.!'Hfliitl):l::IJ1tl.! 193 {).:Jfll

q ~ q ~ 

I 11 lHL8 nC 
<­

- 275"C 25,1'9 itA 

.---_ Preheat: 
60 ·c 
a so<; 

Acquire: 
19 ·C/s 

3OO'C 

"C;'\OtOXCHAI'.CH01LTLO"; record 3166 or 3266 ··C:~J(CH01'CHOX.TI.I)'·: recurd 3632 of 3H3l 

60 sec 
hnneal: 

300 ·C 

(fl) n{)'lJfl1",*.:Jl'IJ~l ('U) 'H~~fl1,'1,*~1'IJ~1 
..I '" 1 '" "" "'..1 .Q ""'... ... "" "" • .1 11)" .,. .,. .1.1 '" ill"" 4.81 Clfl'l:ltl.!:l: flCllLmTt'U{)~NClfWlf.:JL~Wl'lf'IJ~ClL1itJ:lJTt~{)'tl !'~ :U:Ufl'IJLCJltJ:IJ fI'tllJLlJ{)' 

"""" "'.r= ~ ~... 1 .1 '" '" ICJlClfl{)'U 'VllJ':IJ1tl.!fll1:IJL'U:U'U'U'U{).:Jffll1'i1'tl 0.20, 0.05 UCI:l: 1.90 :umlJ'tll1CJ1'U\1I fl{)'IJ 

UCI:l:'H~~Fh'IJfl1,i,*.:Jl'IJ~l '1 

... <V 1 tI ~ cI ...J .o=9.Q ~ .Q ~ q ...J lIJ tI 
'il1flfllVi'Vl 4.81 Clfl'l:ltl.!:l: flCllLfI'Tt'U{).:JNClm'lf~L~tJl'lf'IJ~ClL1W:IJTt~'tl{) !'~ : 

.c:I • ...1 ... 1 tI~.Q ~ ... F- " "JJ 1
H:lJfl'IJLCJltJ:IJ fI{)lJLlJ'tl' CJlClfl{)'IJ 'VllJ':IJ1tl.!fll1:UL'U:IJ'U'U'U'tl~ffl'1'i1'tl 0.20, 0.05 11C1::: 1.90 :lJCI 

Ltl'tlfLCJI'IJ~ Vi1J':hn'tl'IJfl1)',*~1'IJ~lij~111'HU~Vffl 3 Vffl fl'tl Vffl 1 ~~lL1'HU~'tltl.!'Hfliitl)::::IJ1tl.! 140. ... 

{).:JfllLCJlCll91tJff -Wfl 2 ~~lL1'HU~fJtl.!'HtJiitl'::::IJ1tl.! 186 'tl~fllLCJlCll91tJff UCI:l:Vffl 3 ~~lL1'HU~fJtl.!'HtJii 
tl'::;:IJ1tl.! 262 'tl~fll1CJICll91tJff UCI:l:'H~.:J'illflfl1)i,*.:Jl'U~l Vi1J':hij~111'HU.:JVffl 3 -Wfl fl'tl -Wfl 1 ~ 

~lL1'HU.:JfJtl.!'HfJiitl'::;:IJ1tl.! 163 'tl~flWlfm91tJff Vffl 2 ~~lL1'HU.:JfJtl.!'HfJiitln:lJ1tl.! 202 'tl~fll 
LCJlClL91tJff UCI:Vffl 3 ~~lL1'HU.:JfJtl.!'HtJiitl):l::IJ1tl.! 275 'tl~fllLCJlCll9ftlff 
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- 263°C 

..----..--- ­ _.__.______ Prehed: 

"C: \OtOXOiA hCOOK. n.D": record 32~ or 1616 

60 ·c 
9,ee 

Acquire: 
19 "vs 

3!lIl ·C 
6O,ee 

linne.'tl: 
31!11 'C 

9,ee 

Help 

121.5 n(; 

- 27-t"C----

"C:,CHOKCHAI\CUOX. tLO.~::..... f~CUN 383b of 363(; 

(fl) ntJ'Wf11'it~.:Jl'W~l ('U) 'YIt:f.:Jf11'it~.:Jl'W~l 


m'W~ 4.82 t:ffllltu~ Ifltlltflf-n'UtJ.:JHgm:)f.:Jt~tl1'1fU~~hitlll-n~tJtJh~ : UlIflihqWlI fltJUtutJf 


,Q.q ~ _ ~ SJ 9J.4 1 no I rI 0' I 

CJftlfltJ'W Y1lJ'ill1tufl1ll1t'UlI'UU'UtJ.:Jffl'it'iltJ 0.20, 0.05 Utl~ 2.00 lItltlJtJ'itCJfUI'l fltJU 

tm~'YIt:f.:JF-h'Wf11':it~.:Jl'W~l '1 

d 
'ill fl fll1'4 YI 4.82 

d d ... 1 ... 1 tI QQ d_~ 9J 'j/ 4 1
HlIflUtCJftlll fltJlJllJtJ'i CJftlfltJ'W Y1lJ'ill1tufl1ll1l'UlI'U'W'UtJ.:Jffl'.iI'iltJ 0.20, 0.05 Utl~ 2.00 lItl 

!utJf!CJful9i' l'4'1YllntJUf11'i t ~~l'W~lij~lUmj.:J~fl 2 ~fI fitJ ~fI 1 ~~ll1'Y1U.:JtJtu 'YIfliJU'i~lI1tu 182. " 
tJ.:Jfll!CJftl!qWff !!tl~~fl 2 ~~lU'YI..J.:J'Qtu'YI.fJilu':i~lIltu 263 tJ.:JflllCJftltqWff !m~'YIt:f.:J'illflf11'i t ~.:Jl'W~l 
'VnJ'llij~l!!'YIU.:J~fI 3 ~fl fitJ ~fl 1 ~~ll!'Y1..J.:JtJtu'YIflilu':i~lIltu 166 tJ.:Jfll!CJftl!qWff Vifl 2 ~. 
... 

~l!!'YI..J.:J'Qtu'YI.fJilu'i~lIltu 205 tJ.:Jfll!CJftltqWff Htl~~fl 3 ~~lt!'YI..J.:J'Qtu'YI.fJilu'i~lI1tu 274 tJ.:Jfll 

1 19 

- 258°C - 24~f'(--- ­
S.lB? nA 

PJ'"ehedt: 
68 ·C 

8 .\>ec 
Acquire: 

19 "C/S _·C 
60 sec 

Ilnnt'.lltl: 
3OO'C 

Hel. 

11.28 nC 

5l1'W~ 4.83 t:ffllltu~1fltlltflf-n'UtJ.:J Hgflfi!!tJtl~~Hii I'lUtl~ ~l'Y1UltltUI:)f~'W1W 'I1V'UtJ.:Jtll'l:iYl 

Harshaw Bicron (TLDlOO) ntJ'WUtl:lYt:f.:JN1'Wf11':it~.:Jl'W~1 '1 
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'illnfll'Vt~ 4.83 nfl1:JW:i: 1fl1:l{lfl1'Vhlfl~H~flViU61:l~~ Hn~U1:l~ ~l'l1tbfJ i 'Ul;~'VtlW'i1eJ 

'Ut)~'l.jhj'Yl Harshaw - Bicron (TLDI00) 'Vt'lyhfi6'Ufl1';ii~~1'UJlij~lU'l1tJ-!Jflfl 4 flfl fit) flfl 1 ~ 
~ltmtJ-!JfJW'I1fJiJtI'5:i:lJ1W 165 t)-!JfI'Wlf1:lt~m,. flfl 2 ~~11L'11tJ-!JfJW'I1fJiJtI';i:i:lJ1W 207 6-!JfI'l 

1~1:l1~m,. flfl 3 ~~11mtJ-!JfJW'I1fJiJtI'5:i:lJ1W 258 6~fI'll~1:l1~fJff U1:l~flfl 4 ~~llmtJ~fJW'I1fJiJ 
t1'5:i:lJ1W 300 6-!JfI'11~1:l1~fJff U1:l:i:'I1n-!J'illflfl1'5i~~l'UJl 'Vt'lJilij~11mtJ-!Jflfl4 flfl fi6 -Wfl 1 ~ 

~lU'l1tJ-!JfJW'I1fJiJtI'5~lJ1W 156 tHfI'lt~1:l1~fJff flfl 2 ~~11mtJ~fJW'I1fJiJtI';i~:lJ1W 204 6-!JfI'l 

1~1:l1~fJff flfl 3 ~~11mtJ~fJW'I1fJiJtI';i~lJ1W 248 t)-!JfI'll~m~fJffU1:l:i:flfl 4 ~~llmtJ-3fJW'I1fJiJ 
... 1 .cI Ji d lIy.9l' 4' ifj} ~ 0 1.cI .Jt 
lJ'5:i:lJ1W 300 6-!JfI'Wl1m~tJff ~-!J'iI~l'I1'U L'fl111:IJ6Hl'Ufl1'5 'i1~1'U~1 ~lU'l1'U~'Vtfl 1, 2 U(l~ 3 'iI:i:l(16'U 

11 1~~11l'11tJ-!Jt)W '11 fliJ~lfl':htl '5:i::lJ1W 10 t)~fI'll~(ll~fJff. ... 

, 
, , QU Q.I' G<V V ~v 4 

4.6 't'Ilfll effective atomic number AlQ~parameter flHcrmn.l"''UfintUvUH'V!'nfl'Ufl'nH 

i'hAflil£l~lm£l1Jli1£11Jn1Jnl1';hhlAnnl XCOM 

" ffll1 lml1'tft)U '~'llltff'U6 'rl'Ufl1fIH'U 1fl fl i'U'lJ'Ylfl11:IJ1~tJffl'111'lJfl1';i lHtJU'Vt':i 

'" '" 1 ~ fI d d,. A::li ~ ... I fI
Hff'U6-!J H'VttJl'lJ11:lfl'n l'i1 l!I'UtJ:IJ~tHfJ'lJ(I'5 l'lf1il'U U(l~ LH'VW1'lJ1(1m 'l''Vtff'Yl1ilJ'5 ~ ff ~fl 

H1:l~1'U1~tJfi~mh1fi-!JUff'fl-!Ji'Ufl1flH'U1fl 'U H(I-31'U1~fJ~'~1'lJtHfJU'Vt':iU~1 '5111 4 i~6-3 
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, 
"" 'lJ'YI'YI 5 

<<It.lNflm'jl~tl 

{ll'U1 itlnl11J~'U 'il1nf11'H1i~mjN~n1 vtii '11U~~11 tl1J," (Innh ~~!~nif1tl u1JnihCiftl1J 

0.20 11J~1t1nllC)f'U~ flntllt1nl 0.05 11J~1t1nllC)f'U~ U~~ Cjf~nn'U 0.9011J~1t1nllC)f'U~ 1~tl1,r 

l't1f1Uflf11':i11 ~n1J~~W11 \jiJ\T{I l~n{l 'illm~'U l't1f1UfI~~lt1'~cH1JcNn'U;{ll~n'U , '\JU~~~1utl':ifil{1 "l 

'~ffn1Jl'illn1J't1f1111J1itl'\J'fl{ltYm,j'U Korea Atomic Energy Research: KAERI lv7'flffn1JlfJWtY1Jml 

A !II 'I !II. F.!'" """ , di ... ..1 .1 !II ...... ..QI

l1J 'fl{l~'UU~~ ~ '1111J ':i tlm't1tl1JfJwtY1I1J~~ 1{1 "l n1J fHl m'11{ll~tl11J'gn~1m't1f1 'U fl1J ':i~ 'ilU1J'U 

mOlf'U 'ifl~1 tl1JN~m;{ll~tl11~tlfl11JfJ1I~1UtI':i1'Uf11':i 1~1 tl1JtYl':i lrfm1i'fl'Ufl1Jf11':i't11 

di 1....1 1 'I !II ..I... ... ... .1.1 .. ..I !II!II'" QI di 1 ...
fmn vt~l'Jn1J':i~f11':i ~tl ~'I1tYl':i't11'il'fl U1Jn'U1C)ftl1J fln1Jl1J'fl':i 't1f1111Jl'\J1J'\J'Ul~tl1n1JNan vt~ U~~ 

't11f11':ilt1~tI'Um1J1Wfl111Jl,r1J,r'U '\In{ltYl':il~'flCjfilnn'U i{l ufi 0.00 ~{I 2.00 11Jaltl'fli' !C)f'U~ 't11f11':i 

t1(1nN~n~fl111Ji'Ut!iYiYlf11fl 10-4 mbar ti~':ilf11':i~{lN~n 2 iJaill1J~':ifini111J{I na1~l,rtl(ln 48 

.:, 1 ' 4 ~ ,q" ~ A OJ d A.cQ r 0
'111 1I{I vt1J11(1nNan1lf11':i11an1J't1{1(1nu~~1I':i~'Ul1Jfl1J (Creep plane) ln~'\J'U'fltl1{1'11~I'il'U C)f{ll1J'fl't11 

.... di QI di tJ!II ..I ... .r 
f11':i~~NantYl111HI~~Nan l~~11J':i~'U11J't1tn~'\J'U 

'Unn'il1nnV{I 'iftl(lnN~m;{ll~tl1'\Jn{l~1itl1J,"(ln'flh~1~tll,r u1JnihCiftl1J 0.20 11J~ 
ltlnllC)f'U~ flntllt1ni 0.05 11Jaltlni'1C)f'U~ Cjf~n'fl'U 0.15111mtl'flilci}'U~ U~~'t11f11':ilt1~tl'Uutla{l 

"" ... I .1 di ..... " 1!II
a~a{l!11a'fllvttl{l':i~'U11J (200) U~~(400) UtY~{l11f11':i1J(lnN~nU1J1J1J':i~'ilU1J'UtY1111HI't11 11f11':i 

....... '" ," ........1 "I ..... ~ ... .r .... ,,.f

'il~!':itl{l~1'\Jn{l11'U1mC)fa~ (unit cell) '\In{lallltl1Jn(ln'fl l':i~1Jfl111Jl1J'U':i~!1Jtl1J1J1n'\J'U an1JW~I'11'U'U 

... .r ..I !II!II.~ ..1'1 !II 
tn~'\J'U't1l'Jnfl111Jl'\J1J'\J'U'\J'fl{l1J':i1J1Wff1':i't1 ~'I1't1~a 'fl{l 

'il1nf11':i 't1 ~ ffn 1J fJW ff1J lliifl111J 1 rl'U! 't1 'fln11 (I iJ1'U ff!C)f'U ~l'U!~ 'fl {lfl 111J'1 1 'U f11':i 

I Q# q : , .d 4 Q~ • OJ ~ 1 "d." tt " I

~n1Jff'Un{l~nHff'U'Uvt1J11't1m1J1WtYl':i!'ilnC)fann'Ul't11n1J 0.9 tH 1.5 1Jmtln':i!C)f'U~ t'HfIlfl111J 

l11'Uf11':i~n1Jff'Un{l1ini'{lff!'flnctf'1J1n~t!~ 1~tl1J1nO'hN~n1vtiitl':i~1J1W 1.3 !'Vh Ua~1J1nn'hll 
• JJ • 

una~llN~~l'Ul;{lvt1U'I1'il1nfil{1t1':i~!'t1fl (TLD 100 ) t1':i~1J1W 2 t'vh 'Unn'il1nilir{lvt1J'hllm1J1W 

fl111Jl,r1J,r'UCjf~nn'U O.7 11J~ltlni'1ci}'U~ lrffl1f1111J'1l'Uf11':i~n1Jff'Un{lfini'{lffUn1J1J1\T{I~t!~ 1~tl 
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1l1flfl';hN~fl1.... iiil'i~1l1tu 1.4 ~'VI1 U'n~1l1flfl';hnUfl'n~~Nft9lhH;.:j""1i'j'JHl1fl';1.:jil'i~~'Vlff (TLD 

100 ) iI'i~1l1tu 1.6 ''VI1 ''Wf)1'i '~ff1'i~~fl 4 i1tifl,ii1l19t~~Vlll'lf1 'iI'11'If'Vl'iTlr:1Ter1'i ~~fll9t~~Vll 

'11' lffl111l'1 ''Wm'i 9lfl'Uff'Wfl.:j';fli'.:jff'n~'n.:j U';111'~llm1l1tu tiVV1l1fltiflil'i~1l1tu 0.05 11l'n 

AI" " -. 'I • '" "" .I.d"'" • '1-'l <!I "" '" <!IhJV'il9t'W9l fl111l n l'Wf)1'i9lfl'Uff'Wfl.:j9lflHff'il::1l1fl'tl'WU9lflV.:j'WflVfl11flU l'Dff1'i''iIV1 .... V.:j 3 9l1flfl 

UllflihCUVll flvilli1fll U'n~Cjftflfl'W 1'V11,r'W 

f)1'iflfl'1:I1fl111l~fl'tlfl.:j11'Qlln'Uifl~1Vf)1'i~ 'il1'itu 1 '11 1fl 1 fl'n{~;H-w,r'W .... 'U11N~fl l ....iiii 

~1H11 tJ .:j~tu11 tJ ij'tl fl~ ~fl11 nfl fl ~~~tu11 tJij iI'i ~11101 300 fl ~ff119t'nLCUVff~.:j1l1flfl 11 N~m;~l~V1~ 
• "" "" ", •..1 "'A I .. .l!:l1 -'l • ..I"" «II "" ..I t .K"" 

.... 'U111l ....fl11'nflfl ~'Vl~tu11 tJll1J'i~1l1tu 265 fl.:jff1~9t'n~9tVff 9t.:jl1J'W 'IIVl'fl'W 'Vl~'tIfl.:j N'nm·)j'.:jl~V1 'Vl.:j'W'Vl 

4d.Q o. .c:=t 4. <V ~ , #:I d 2: '1 t 'jJ 

Ufl 'n~ 'Vl1l9l1 U11'W ~~tu 11 tJll'tlfl.:j .... fl11 'nfl\l.:j9l~U9l 300 fl.:jff1~9t'nL9tVffl1J'Wl'I'W liI'W'W 'tItu~ m ~~'W 
'jJ 'jJ 4: lI'I I~ d <V Q.I Q d , I .a 4 t :'1 

V~9lVll~1Vfl111l'i fl'W ,.... fl l'n fll'nfl9l'i fl'W 'n ~ 'il1flfl'U~ flfll'n fl9l'i fl 'W 'i ~111H fll'W 'VlUfl 'n~ 'W'W 'iI~l1J 'W 

'jJ t .. I 'l 914 ~ ~ ~ ,,<V .J! Q.I0 Q QI

'iI~9lfl ~9l.:jlfl'i fl~fll'W l11llf,!tu11 tJll\T.:j9t.:j 'iI~'Vl1l11ff\l!\l!lWUff.:jfl'W -W1~'i~ (IR) I'll 11l1i1 'W fl'Ufftyty1tu 

..1 ... .1 AI ""1'" "0'1"'..1. -.~. ~'" .K 2111"
Uff~'Vl1fl~'tI'W'il1fl1J'i1fltlf)1'iOU'Vlfl'i 1l~1l1'Wffl9t'W9t 'Vl1l11fl1'Vlm'W l~ lllQfl~fl~ ff1m~'Wm'ilutJ l~~ 

1'lVm'i'~m9lfllfl'ifl~Uff.:j IR ij'lfr·h'W,,r11i1 PM Tube U';m'i~'ri1nUfl'n~un11~~lU11tJ.:j 

~tu11 tJij'tlfl.:j~fl11 nflfl~' 'W 'l11.:j 220-270 fl~ff119t'nlCUVff i'ifl11l1'J'W nUfl 'n~~;l1l1fl ~1m11~N'n~11 
'1-'l"" o.l!". "" ""d 0 t J. I d 0

'tItu::: L 'Dfl'U ~1'Wil 'i ~ 'il19t~9l fl~V1 'W'Vl Ufl'n ~11J'W 'il1'W1'W 1l1fl m 'i9l ~~tu11 tJll'tlfl~lfl'i v~m'W \l~fl'il~ 'Vl1 

ilflffVn'n11l1fl nuv'nfl~iif,!tu11tJiJ'tIfl~~fl11nfl~11fl'W 'ill'Ji'W~iI'i:::1l1tuil'i~1l1tu 20-100 fl.:jff1 

lCUmCUVff '11: iifl111lL~~~tllgfl9l'i fl'W~Qflfl'Uiflfl~' 'W 11'Qllfl'Uifl'il~ 11'Q~ flflfl1l1lfl~'tI 01. ~ yf~111'W 

do ".4 fJI.,.SI,'.cQQI QI' lI'I ... IA 1Q 

ff~U1~'nfllll'W fl~fl:9lflllQflm:9l'W L'fI~lV 9t~ff\l!\l!lWUff~~~fl'n11'i1:111V l1Jl'i Vfl11'fl~ 'ilU'il1~ 

111V'iI'tIfl~ffty\l!ltuHff.:j ( fading) 

,; 1.... 1'i lij19lflln'U ifl .... n~~l'W '11 'n.y'tlfl~N~flnUfl'n;l~ 1917 Vll'~ 1~vi~l'Vlfl iJflm 'i 

,iI~v'WuiI'n~69l'i1f)1'i'lffl111l~fl'W (Heating Rate Method) U'n~ '~1 iI'i umll Computer Glow 

Curve Deconvolution (CGCD) .... 'U11N~fl l ....iiiitil E l'VI1fl'U 0.7449 eV U'n~ti1 s 1'V11fl'U 1.481x10
6 

sec~t N~m;~L~V1~m1l1tu fl111l1'lf1l'lf'W ffl'i l~flCjaflfl'WU9lfl';Hfl'W J~'Jfi'j~u'n:m1l1tu 'iI~' lfti1 

til....l'ilijl9lfl{fl'Uifl.... rl'~~l'W 'iI'n.y1l1flflN~fl l ....ii U'n: 100 N'nm'i'Vl~'nfl.:jdfffl~flnfl~fl'Uti1fl111lb 
, 'Wm'i9lfl'Uff'W fl~~ fl1~ff 

~'Y.Ifl '1 m 1l1tu ff1'i 1 ~fl~U9lfl~l~n'W .... 'U ,hm1l1tuU ff ~~iInmm flfl1l1 'il1flN~m;.:j1~v1 

iifl111lffllw'Wi'fl'Um1l1tu1~ff~N~fl'~1'U' 'W nfl1:Jw:m 1vJl'&'W9l'i .:j~~1l1fl 1~V!J'il1fl';1 correlation 

.l! f'1 """ .l! ..I... 0 QI' 0 '_1'1 "0 I J.
coefficient gmjkdy[ 0.9 9t~'1J'Wf.ltuffll'U9l11'W~'Vlllfl111lfflflty9lVm'i'Wl 1J L'Jf'Vl1fll1l19l'iJl'Wl.... fl 

Uil'n~fftytyltuUff.:j~ '~'iI1fl Unknown TLD ''lfL1'J'Wm1l1tui'~ff''W,f'W9lV'Wm'i11fln:lf'ti1m1l1tu 

i'~ff~1VnUfl'n;l' 'W ~1'W1~i'.:jffil'i:,)'1i11Jflfl'n 
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~~fH;1.:j!~fJ1'Uv.:j~!nfJ11~m)vl'j~~1~ffl'H~V 3 'lfU~ fiv u11flthCHfJ11 flV1.htJvl U~~.. 
I I iI I I 

CH~flV'U fifl1111!.,rmr'U CH~ flV'U fi 1 ,rfl1111 111'U fll'j ~V'IJ ff'U V.:j IPi vi'.:jfftT.:jir'U !ijml1 1tJ~1fJi' .:jfffi 

m 11 1W i'.:jffryhti'U uIPiYU;.:j .:j1'U 'U V.:ji'.:j ffU~fllPi l.:jn'U 'Vi'IJ ';i1m1J1WUff .:j~tJ ~VfJV Vfl1J1 \llfli'.:jff~1j 

'Vi~.:j.:j1'Uti'VfJfl';i1 \l~1,ruff.:j111flfl11 ~.:jffv~fl~v.:jn'IJ~1'j1 ~~.:j1'U 1ifJ~'U'1 'j111J.:jfh~'j~1.Jv~1 'U 

'j1fJ~~!VfJ~fJw ff11ml'U v.:jfiuv~~~~nl,j1fJ 1'U!;1.:j'Vi 1U'lfti'\llfllPi l.:j1.h ~!'t1 ff ~.:j \l~1,rfl1111'H 1J1 fJU1'U 

!'YIV11 Energy Response 

\llflfll'j'YI~ ffV'lJm 111WUff .:j~ti.:jfl.:j~fltr1.:j v~1 'U 'H~11n'IJifl'H~.:j \llmh'Ufiuv~~U~1 
iI , I , 

1 fli'.:j 'Vi 'IJ11m1J1WUff.:j~fltr1.:j'UV.:j~~fH~.:j!~fJ1\l~1jfl1ti'VfJfl11~~fl1'Vi~1J1fl fll'jfi~~fH;1.:j!~fJ11j 

Uff.:j~fltrHti'VfJ1J1flV1\l!dV.:j1J1\llfl~!n fJ11~~VV1 'j ~~1j unit cell ~ fJ.:j~1Vti1.:j!t1'U 'j~!ijfJ'IJ\l~1j 

~fl'J:IW~1 ff Uff.:j~tJ~VfJVVfl1J1\llfl~~flfiuv~~~.:j1jfl1111fJ11fl~'U1 'U'I11.:j visible light ~.:jff1111'.itl 

'YI~~ ~1'UVVfl1J1 1~fl11~~fl1'Vi~ ~.:j't1'11,rfiUV~~~~fH;1.:j!~fJ11jtJ 'j~ ff'YInfll'Vi~fl11'vh!v~~~ti~I'U 
dI 1 ...

~~fl 'Vi~ 

., ., ., ., 
fll'jU1fiuv~~1tJ'YI~~V.:j1,*.:j1'UcH1 5 fli'.:j 1'U,j'U~V'Ufll'j1,*.:j1'UulPi~~fli'.:j ~~fl\l~\lflV'IJ 

1,rfl1111 ~V'U ~ fJW 'H tJ ij tT.:jtJ 'j ~ 11 1W 400 V.:j ff1!CHfJff 'Vi 'lJ11 1 'Ufl1'Vi 'j 111 1,j'Vi 'IJ fJW ff11 ,j~1~~ 
_I"; _ I lI) _ I _ Ill) " , _I" "" """,: " '" '" "" d ..; ... 
!lJ~fJ'UUlJ~.:j ~lJ ffllJ ~~11fll'jlJ~fl~1m'YIfl'U fl'IJ'j ~ \lU11'U 'U ff1111'.itl ff'j 1.:j fl'IJ ~~V!~ fl~ 'j V'U 'YI11fl1111 

dI ..... ~I "1 "" ",\llfl ~~fll'j fffl'J:I1U~~'YI~ ffV'lJfJW ff11'IJ~fl1111!lJ'U!'t1V 'j 11~11!'U fftC)f'U C)f~111fl11J1~'jJ1'U 

~1~n1'H'U~ l-rt'UIEC (International Electrotechnical Commission) 1066 International Standard 

"Thennoluminescence dosimetry systems for personal and environmental monitoring". ff11J1'j\l 

ffltJ1 'Ufll'Vi'j 111 1~11fiuv~~~ 1~lf9S1J'U 1~'UUff1111'j ml11 tJ1 ~!t1'UfiUV~~1~i'.:jff'lfU ~U'IJ'IJ'Vifl'Vi1 

'lfU~~!nfJ11~~Vfl1'j~:u11flthCHfJ11 flvtJ!tJvl 1C)f!~fJ11 CH~flfl'U 1~ 'UVfl\l1t1Uti.:jff1111'j\l1'UltJ1~1~ 
i'.:jff1'U'YIl.:jfll'jU'Vi'YIti'1'U.:j1'U1U\l\1fJ i'fl'J:I1hfl U~~.:j1'U1~i'.:jff1'U~.:jU1~~V11 Vfl~1fJ 
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Comparative studies of glow peaks and kinetic trapping parameters of 

LiF:Mg,Cu LiF:Mg,Cu,P LiF:Mg,Cu,Si and LiF:Mg,Cu,Na,Si 


single crystals 
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Abstract 

Glow curve structure and kinetic trapping parameter of the thennoluminescent phosphors based on 
LiF:Mg,Cu LiF:Mg,Cu,P LiF:Mg,Cu,Si and LiF:Mg,Cu,Na,Si single crystals were investigated (denoted as 
SMC, SMCP, SMCS and SMCNS respectively). LiF based were doped in the concentrations of Mg "'" 0.20 
mol% and Cu = 0.05 mole% for SMC, doped in the concentrations of Mg = 0.80 mol%, Cu 0.06 mole% and P 
= 0.10 mol% for SMCP, doped in the concentrations of Mg =0.20 mol%, Cu =0.05 mole% and Si 0.15 mol% 
for SMCS, doped in the concentrations of Mg = 0.20 mol%, Cu = 0.05 mole%, Na := 0.05 mole% and Si = 0.50 
mol% for SMCNS. Wet mixing and drying before thennoluminescent phosphors production, in single crystal 
fonn were achieved by Bridgeman method. The transparent solid single crystals were cut to the size of 
5.0x5.OxO.6 mm3 for use as Thennoluminescence Dosimeters (TLD). Four different types of TLD were 
irradiated with X-ray photon energy 128 keV in the dose of 3 mGy after dual step pre-irradiation annealing. 
SMC TL glow curve shape show one peak (peak 4) but the SMCP, SMCS and SMCNS show 3 peaks (peak 2, 3 
and 4). The integrated TL signal of all samples did not exhibit any significant reduction in respotlse to an with 
increasing heating rate in the range from I to 20°C S-I. The glow curve structure gave the main dosimetric glow 
peak at peak 4 and the main dosimetric peak temperature (Tm) increased with the increasing of the heating rate 
according to the Randall and Wilkins model,the peak temperature of the glow peaks change with the heating rate 
are indicated as the first order of kinetics. The results of trapping parameters detennined by the heating rate 
method E and s are 1.566 eV and 3.904e14 

S-I for SMC, 1.203 eV and 3.328e Jl S-I for SMCP, 1.009 eV and 
2.513e14 

S-I for SMCS, 1.580 eV and 1.265els 
S-I for SMCNS respectively. It 's evident that the kinetic trapping 

parameters depends on the type of dopant. The frequency factor of all TLD single crystals are higher than 
TLDIOO(poly crystaJ).These results are useful to provide the TL trapping and recombination centres for these 
materials. 

Keyword: LiF, Thennoluminescent phosphors, Kinetic trapping parameter, Bridgeman method. 

1 Introduction 

The phenomenon of thennoluminescence (TL) is 
the emission of light from a semiconductor as it is 
heated and which is the result of previous exposure to 
ionizing radiation. A typical TL measurement made 
by increasing the sample temperature linearly, results 
in a curve of light intensity versus time or sample 
temperature. It is called a glow curve with one or 
more peaks.Randail-Wilkins [I], Garlick-Gibson [2] 
and May Partridge [3] gave an analytical description 
of the glow peak for the three cases usually referred 
to as 'first', 'second'and 'general order' TL kinetics 
respectively. The intensity, shape position of glow 
peak are related to trapping parameters, such as 
activation energy (E) , frequency factor(s} and order 
of kinetics (b). 

Lithium fluoride (LiF) is a well-known 
thermoluminescence.(11..) dosimetry material used in 
environmental and personal monitoring due to its high 
sensitivity, stability and tissue-equivalency. Studies 
with LiF:Mg,Cu,P have been extensively reported [4­

9]. However, the main problems were the loss of its 
TL sensitivity by heating beyond 240°C and the high 
residual TL signal which increased with each readout 
cycle and annealing treatment [10-13]. Thus, 
continued searching for the LiF-type dosimeters with 
alternative dopants, to keep the high sensitivity and 
tissue-equivalence with more stability, has been a 
major subject of interest. Samples doped with Mg and 
Cu together with other impurities, such as LiF:Mg,Cu, 
LiF:Mg,CU,Na, LiF:Mg,Cu,Na,Si and LiF:Mg,Cu,Si, 
have seen much research from Korea and China for 
developing powder and sintered pellet fonns. 
Which, \\ith the proper concentration of the dopants, 
possess high thennoluminescence (TL) sensitivity 
(being comparable with that of LiF:Mg,Cu,P) and are 
more thennally stable [14-22]. New high sensitivity 
thennoluminescence phosphors with low residual 
signal and good stability with heat treatment are 
LiF:Mg,Cu,Si [IS]and LiF:Mg,Cu,Na,Si. [22]. 

In Thailand, Our group research Jintana et al. 
[23-27] are interested in the production of LiF TL 



phosphor in the form of single crystals. Because of 
the transparency, it has a high sensitivity.We have 
been developing single crystal types of LiF doped 
with Mg,Cu,P LiF:Mg,Cu,Na, LiF:Mg,Cu,Na,Si and 
LiF:Mg,Cu,Si and we have also produced the poly­
crystal form to compare the thermoluminescence 
properties with the single crystal form. 

The purpose of this study is to provide a better 
understanding of the single crystal form of LiF:Mg,Cu 
LiF:Mg,Cu,P LiF:Mg,Cu,Si and LiF:Mg,Cu,Na,Si 
(denoted as SMC SMCP SMCS and SMCNS for 
single crystals respectively) by determining the kinetic 
trapping parameters for the TL peak 4 (the main peak) 
of these phosphors. Trapping parameters studied[28­
29] provide information on the kinetics of the TL 
process, i.e. an activation energy E and a frequency 
factor s. While the values of the trapping parameters 
do not carry specific information on the defect 
structures involved, the study of changes in trapping 
parameter with alternative dopants and crystal form 
may help in understanding of the changes that occur in 
the defect structure which provides the TL trapping 
and recombination centers for these materials. 

In this work the main dosimetric properties, such 
as the glow-curve structure, TL intensity of the newly 
development of TLD are also studied. 

2. Materials and methods 

Five different types of LiF phosphors were 
utilized in this study: TLD 100 (LiF:Mg,Ti) 
polycrystalline rod obtained from HarshawlBicron, 
and fabrications of thermoluminescence element for 
radiation monitoring of the samples using the high 
purity LiF powder (99%, Merck Company) were 
mixed with the (lIIlSwel' quesliQD #1 Jappropriate concentration 
( the concentration which gave highest sensitivity 
from our laboratory) dopants [23-27] 0.20 mol% of 
MgS04.7H20 and 0.05 mol% ofCuS04.5H20 (SMC), 
with the dopants 0.80 mol% of MgF2 , 0.06 mol% of 
CuCh.2H20 and 0.10 mol% of LhP04 (SMCP) with 
the dopants 0.20 mol% of MgS04.7H20, 0.05 mol% 
of CuS04.5H20 and 0.15 mol% of Si02 for SMCS, 
and with the dopants 0.20 mol% of MgS04.7H20, 
0.05 mol% of CuS04.5H20, 0.05 mol% of Na2C03 
and 0.50 mol% of Si~ for SMCNS. Then, the 
components were uniformly mixed in distilled water 
using a magnetic stirrer. The mixture was then dried 
on a hot plate at 150°C with the operation of a 
magnetic stirrer [18]. These samples grown by our 
laboratory using the vertical Bridgeman method in 
cylindrical graphite crucible under a dynamic vacuum 
(l0.... mbar) for 30 brs with a crystal growth rate of 2 
mmIhr [23] . The cooled solid transparent LiF was 
taken out from the graphite crucible, cut into chips of 
an appropriate size 5.0xS.OxO.6 mm. for testing the TL 
characteristic. For testing the uniformity of TL 
senSitivity, the chips were selected from different 
parts of a grown crystal. 

(....w" que;t;(>n #2)All samples were annealed at 400°C for 
1 hr and 100 o( for 2 hIs (dual step technique) before 
irradiated with X-ray photon energy 128 keY in the 
dose of 3 mGy to determine the thermoluminescence 
response and glow curve without post-irradiation 
annealing for observing the low temperature peak. TL 
light emitted from TLD was detected by a TLD 
Reader (HarshawlBicron Model 3500 Manual ). For 
recording the glow curves from room temperature up 
to a maximum temperature of 300°C, the heating rates 
of I, 5, 7, 11 and 17 °C S-1 were used and the TL 
readout times at these heating rates were 280 s and 
60 s, respectively. A region of interest facility 
available in the TLD reader was used to evaluate the 
responses of different glow peaks resulting from the 
CGCD procedure. The estimation of glow peaks was 
carried out by copying the ASCII files from the TLD 
reader to Excel and then moving to Origin on a 
separate PC. 

The technique used in determining the trapping E 
and s was the variable heating rate method, use 
together with curve fitting, as was done by T.C.Chen 
and T.G.Stoebe [30]. The variable heating rate method 
is based on the shift of the peak to a higher 
temperature as the heating of the readout increases. 
Thus for each data set, five samples were used and 
read out at increasing heating rates. According to 
studies of isothermal decay of glow peaks in 
LiF:Mg,Cu,P phosphors [31,32] the main dosimetric 
peak of LiF:Mg,Cu,P phosphors is a first order kinetic 
peak; therefore the Randall and Wilkins model was 
used in this study, where 

2 E 1 E
In - (-) = In - (I)

P k Tm sk 
Where T.. is the peak temperature; p is the heating rate 

of the readout, and k is Boltzmann's constant. Plotting 
In T: / p versus l/T. yields a straight line with slope 

(E I k ) and intercept (In E I sk ), from which the 

activation energy and frequency factor can then be 
determined. 

3 Results and Discussion 

Figures I to 5 show that the glow curve 
stnictures of SMC and SMCS were similar to that of 
SMCNS, the low-temperature peaks (peak no. 2-3) 
were lower than SMCP and TLD 100 ( LiF:Mg,Ti) 
and the individual glow peaks resulted from the 
CGCD procedure. It can be seen from these figures 
that the peak maximum temperatures increased with 
the various heating rates. Table I shows the value 
shifts in the temperature of glow peaks with the 
increasing heating rates. All of them giving the main 
dosimetric glow peak were treated as one single peak, 
peak 4. 

lansw.:r question ~1.2)ln Table 1 (column 4) , the 
uniformity of sample to sample variations as standard 



deviation of sensitivity for 10 chips of 4 types of 
TLDs was less than l1%(SMC) , lI%(SMCP), 
6%(SMC), 12%(SMC), The sensitivity standard 
deviation of TLDIOO ( poly crystal form) was less 
than 4%. It shows that the uniformity of a single 
crystal sample produced by the vertical Bridgeman 
method was higher than the poly crystal 
sampJe(TLDIOO) which was produced by the melting 
method. In the routine used for personal dosimetry 
applications the ECC (Elementary correction 
coefficient) is required to corrected TLD sensitivity 
for reduced the percent standard deviation of 
integrated TL signal . 

(answer qUHtion #5) Data in Table I (column 4) 
show the high integrated TL signals were SMCS and 
SMCNS, approximately 2 times higher than TLDIOO 
(corrected weight to average weight 10 rng). 

m ~ ~ _ ~ ~ _ 
T~1iI("C1 

Figure I: Glow curves structure of SMC chips at 
various heating rates from 1°C s-1 to l7°C S-I, 

50 I. 150 _ _ ,.. :1M 
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Figure 2: Glow curves structure of SMCP chips at 
various heating rates from 1°C S-1 to 17°C s -1, 
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Figure 3: Glow curves structure of SMCS chips at 
various heating rates from 1°C S-I to 17°C S-I, 
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Figure 4: Glow curves structure of SMCNS chips at 
various heating rates from 1°C S-I to 20°C S-I. 
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Figure 5: Glow curves structure of TLDIOO rod at 
various heating rates from 1°C s-I to l7°C S-I, 

Table I: Shows the relative heating rates to 
temperature peaks (Tm), Number of samples, n = 10, 
average weight = 10 mg for TLD 100 rod and average 
weight =25 rng for SMC SMCP SMCS and SMCNS 
( ....SWCT qu••riOl'l #2) 

1541 200 Z$O 
T"",peratunt(OC} 

Type of 
TLD 

SMC 

SMCP 

SMes 

SMCNS 

TLDIOO 

Heating 
Rate 
res·I

) 

5 
7 
II 
17 

7 
11 
17 

5 
7 
II 
17 

5 
7 
11 
17 

T. 
re) 

X±SD 
233.87 ± 0.23 
247.31 ± 0.25 
2SL58 ±0.3; 
260.00 ::I.- 0.25 
274.07 :I: 0.57 
207.14;;, 0.22 

Integrated TL 
signal (nC) 

X'*:SD 
217.60±20.0S 
202.50 ±19.94 
2\3.S4ill.92 
220.98 :1,\8.96 
205.96 ±17.ll 
285.60 =19.52 
245.97 :::27.12 
245.65 ±2U2 
257.64 ±20.32 
263.80 ±22.00 
368.44 ±21.66 
417.49 ±19.82 
443.23 ±18.0\ 
454.34 ±15.82 
456.65 ±13.56 
421.84 ±49.42 
491.61 =42.59 
492.12 ±37.50 
514.41 ;;,58.56 
522.62 :t61.84 

S:!.S6 :!:3.21 
94.79±2.89 
103.20 ±2.22 
) 03.50 :1:3.92 

350 

350 

http:Hulinglbt.11


17 263.70 ±.49 I to.90 ±1.32 

All samples have been tested using the variable 
heating rate method, with the peak temperatures 
determined by using curve fitting to determine the 
peak temperatures and thus to determine the trapping 
parameters. Figure 6 show a plot of InT': /p versus 

1fT .. for peak 4 ofTLOlOO, SMC, SMCP, SMCS and 
SMCNS respectively. (answer ques\i"n ;;3)The R2 linears 
fitted to all of them were more than 0.98. 

13r-----------------, 

12 

.~--~--~-_r-~-~~-r_~ 
0.00175 0.00110 0.00185 0.00190 O.OlJl95 OJlO2OO 0.00205 0.OlJ210 

1fT. 

lSI(!> dla 

Figure 6: Logarithm of T': /p relative to inverse of 

absolute peak temperature for peak 4 in a TLDIOO 
SMC SMCP SMCS and SMCNS sample with 
different variable heating rate. 

Table 2: Show the trapping parameters for the main 
dosimetric glow peak for TLDlOO, SMC, SMCP, 
SMCS and SMCNS respectively. 

SImple 

2 the activation energy of SMC, 
SMCP, SMCS and SMCNS are different and do not 
exhibit anything significant . It shows that the 
activation energy depends on the type of dopant. The 
frequency factor of all TLO single crystals are higher 
tban TLDl 00. 

4. Conclusions 

The integrated TL intensities under a glow curve 
of SMC, SMCP, SMCS and SMCNS did not exhibit 
any significant reduction in the response to increasing 
heating rate in the range from I to 17°C S-I. These are 
useful in routines used for personal dosimetry 
applications in which there is a requirement for 
evaluating a large number ofdosimeters in the shortest 
possible time, obviously by using a fast heating rates. 

The glow curve structure demonstrated that the 
main dosimetric glow peak and the main dosimetric 
peak temperature (Tm) increases with the increasing 
the heating rate according to the Randall and Wilkins 
model. The peak temperature of the glow peaks 
change with the heating rate and are indicated as the 
'frrst order' ofkinetics. 

The results of trapping parameters determined by 
the heating rate method E and s are 1.566 eV and 
3.904eI4 sec·1 for SMC, 1.203 eV and 3.328 ell sec" 
for SMCP, 1.009 eV and 2.513x1014 sec·1 for SMCS, 
1.581 eV and 1.265els sec·lfor SMCNS respectively. 
It shows that with the same production process but 
different types of doplant, the defects are also 
different. The frequency factor of all TLD single 
crystals are higher than TLOIOO.These results are 
useful to provides the TL trapping and recombination 
centers for these materials. 

TL intensity of samples doped with Mg and 
Cu together with other impurities such as Na,Si or Si , 
was higher than LiF:Mg,Cu,P single crystal and 
LiF:Mg,Cu,Ti (TLDIOO). Nevertheless,in our studies, 
it was found that SMCS and SMCNS are a good TLO 
material, being able to store the information (trapped 
charge carriers) without loss because of the low 
intensity of the low-temperature peaks . 
(an,wer ques1ion ItS) 
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Abstract 
The total mass attenuation coefficients (Pm ), for LiF 

single crystal were measured at 60 and 122 keV 
photon energies. The samples were irradiated with 20 
mCi Cs-137 and 20 mCi Am-241 radioactive point 
source using transmission arrangements. The r -ray 
and X-rays were counted by a .... detector with a 
resolution of 160 eV at 5.9 keY. Total atomic and 

electronic cross-sections andu ), effective(ut e 

atomic and electron numbers (Zetr and Neff) were 
determined experimentally and theoretically using the 

obtained Pm values for LiF single crystal. The 

theoretical Pm values of each sample were estimated 

using WinXcom program. The experimental values 
were compared with the calculated values for all 
samples. 
Keywords: Mass attenuation coefficient, Effective 
atomic number, Effective electron number, LiF single 
crystal 

1. Introduction 
The LiF have played an important in the 

development of modem technology such as 
thermoluminassent dosimetry, and knowledge of their 
physical parameters such as mass attenuation 
coefficients, total atomic and electronic cross­
sections, effective atomic and electron numbers is 
very important for understanding their physical 
properties. Since the mass attenuation coefficients are 
important in fundamental physics and many applied 
fij;:lds, the accurate values of mass attenuation 
coefficients for X-ray and r -rays in several materials 
are essential for some fields such as, nuclear radiation 
physics, radiation dosimetry, biological, medical, 
agricultural and industrial. Recently, there are a great 
number of experimental and theoretical investigations 

of mass attenuation coefficient (Pm) Khanna et a1. 

(1996) measured r-ray attenuation coefficients in 

some heavy metal oxide borate glasses at 662 keY 

[I]. Orlic et aI. (1999) published Pm values for 

photon energies between 100 eV and 1000 MeV [2]. 
Cunha e Silva et al. (2000) measured r -ray 
attenuation coefficients of archaeological ceramic 
sample by using two media method [3]. Angelone et 
a1. (2001) measured X-ray attenuation coefficients of 
organic compounds relevant to health physics, 
Triaflol BN, Triaflol TN, Kapto and Melinex [4]. 
Kulwant Singh et a1. (2002) determined mass 
attenuation coefficients of bismuth borate glasses at 
356, 662, 1173 and 1332 keY photon energies [5]. 
Narveer Singh et a1. (2006) studies gamma-ray 
attenuation of PbO-BaO-B203 glass system in term of 
molar mass, mass attenuation coefficient and half 
value layer parameters by using gamma-ray at 511, 
662 and 1274 keY photon energies [6]. Sukhpal Singh 
et al. (2008) measured r -ray attenuation coefficients 
of barium-borate-fly ash glasses at 356, 662, 1173 and 
1332 keY photon energies [7]. Han and Demir (2009) 
measured mass attenuation coefficients, effective 
atomic and electron numbers of Ti and Ni alloys at 
22.1,25.0,59.5 and 88.5 keY photon energies [8]. 

The scattering and absorption of r -ray and X-
ray are related to the density and atomic number of 
and element. As for composite materials, they are also 
related to effective atomic number (Zetr). As partial 
interaction cross-section is dependent on the 
composite material of elements, a single atomic 
number being a characteristic of element cannot 
describe the atomic number of composite material in 
the entire energy range. This new number for 
composite materials is called to be the effective 
atomic number (Zetr) and varies with the energy. The 
Zetr is a convenient parameter for represnting the 
attenuation of X-rays in a complex medium and 
particularly for the calculation of the dose in radiation 
therapy [9]. Some works to determine the Zetr values 
of composite materials have been reported in the 

literature. Cevik et al. (2007) have measured Pm and 

Zetr and electron densities values for BiPbSrCaCuO 
superconductor at different energies [10]. Baltas et at. 
(2008) determined of the effective atomic numbers 
and electron densities for YBaCuO superconductor in 
the range 59.5-136 keY [11]. 
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Figure 1 Experimental setup of the transmission method 

Table 1 The experimental and theoretical values of mass attenuation coefficients (Pm)' total atomic cross­

section «(Ft), total electronic cross-section «(Fe)' effective atomic number (z"IT) and effective electron number 

(Netrl 

60keV 122 keY 
sample 

Exp. Theo. Exp. Theo. 

Pm (cm2/g) 

LiF O.l396± 0.0161 0.1793 0.0966 ± 0.0097 0.1361 

LiF:Mg,Cu,P 0.1368± 0.0133 0.1830 0.1205 ± 0.0080 0.1366 

LiF:Mgo.2,CUo.os,Sio.1S 0.1357 ± 0.0098 0.1848 0.1162 ± 0.0039 0.1376 

LiF:Mgo.2,CUo.os,Sio.lS,Nao.s 0.1376± 0.0127 0.1848 0.1052 ± 0.0076 0.1376 

(Ft (b/atom) 

LiF 6.0105 7.7198 4.1592 5.8598 

LiF:Mg,Cu,P 6.1739 8.3401 5.4382 6.2100 

LiF:Mgo.2,CUo.os,Sio.1S 6.5303 8.8932 5.5919 6.6218 

LiF:Mgo.2,CUo.os,Sio.}S,Nao.s 6.6557 8.8517 5.0885 6.6073 

(Fe (b/atom) 

LiF 0.5017 0.6444 0.3472 0.4891 

LiF:Mg,Cu,P 0.4913 0.6637 0.4328 0.4942 

LiF:Mgo.2,CUo.OS,Sio.lS 0.4863 0.6622 0.4164 0.4931 

LiF:Mgo.2,CUo.os,Sio.IS,Nao.s 0.4929 0.6556 0.3769 0.4894 

z"tr 
LiF 11.9803 ) 1.9798 11.9793 11.9808 

LiF:Mg,Cu,P 12.5665 12.5661 12.5652 12.5658 

LiF:Mgo.2,CUo.os,Sio.lS 13.4285 13.4298 13.4292 13.4289 

LiF:Mgo.2,CUo.os.Sio.lS,Nao.s 13.5031 13.5017 13.5009 13.5008 

Neff (x1023 electron/cm3
) 

LiF 2.7806 2.7805 2.7804 2.7808 

LiF:Mg,Cu,P 2.7826 2.7554 2.7823 2.7622 

LiF:Mgo.2,CUo.os,Sio.lS 2.7886 2.7888 2.7888 2.7886 

LiF:Mgo.2,CUo.os.Sio.lS,Nao.s 2.7897 2.8169 2.7893 2.8097 

In the present work, the total mass attenuation 

coefficients (Pm) for LiF single crystal at 60 and 122 

keY photon energies are measured experimentally and 
calculated theoretically. Total atomic and electronic 

cross-sections ( O't and 0'e)' the effective atomic and 

electron numbers (Zar and Netr) for these materials 

have been calculated using the measured Pm values. 

Also, the variations of investigated parameters versus 
photon energy were graphically shown. The 

experimental Pm values for different doping 
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elements of LiF single crystal have been checked 
using the results ofWinXCom calculations. 

2. Theory 
The mass attenuation coefficients for the 

different materials and energies are determined by the 

transmission. This process is described by the 
following equation: 

(I) 

where 10 denotes the photons with energy E , 

intensity without attenuation; I the photons with 
energy E , intensity after attenuation; 

Pm =pI p (cm2/g) is the mass attenuation 

coefficient and t (gIcm2
) is sample mass thickness 

(the mass per unit area). The total Pm values for each 

constituent element by the following mixture rule 
[12]; 

(2) 

where Wj is the proportion by weight and (Pm)1 is 

mass attenuation coefficient of the ith element. For a 
material composed of multi elements the fraction by 
weight is given by 

njAj 
(3)

Wj = "" ~njAj 
j 

where AI is the atomic weight of the ith· element 

and nj is the number of formula units. The total 

atomic cross-sections (0'/) for materials can be 

obtained from the measured Pm values using the 

following relation [13]; 

Pm N 
0' =-­ (4), N 

A 

where N is the atomic mass of materials and NA is 

the Avogadro's number. The total electronic cross­

section (0'e) for the individual element is calculated 

using the following equation [5]; 

0' = _1"" ftN j 
( ) =!!.L (5)

It N L.J Z. Pm / Z 
A I eff 

where ft denotes the fractional abundance of the 

element i with respect to the number of atoms such 

that f. +h +h +... + ft =1, Z/ is the atomic 

number of ith element. The 0', and 0'It are related 

to the effective atomic number (Zetr) of the material 
through the following relation [5]; 

(6) 

The effective electron number (Nell) can be 
written as following; 

Neff = NNA Zqr L:n j =Pm (7) 
O'e 

The theoretical Pm values for present samples 

were obtained by WinXcom program [14]. This 
program depends on applying the mixture rule to 
calculate the partial and total mass attenuation 
coefficients for all elements, compounds and mixtures 
at standard as well as selected energies. 

3. Experimental 
The schematic arrangement of the experimental 

setup in the present work is shown in Figure I. The 
sample were irradiated by 60 and 122 ke V photons 
emitted by 20 mCi Am-24 I and 20 mCi Cs-137 
radioactive point source. For each sample and energy, 

10 and I intensities which are without and after 

attenuation were measured by a ...detector (FWHM = 
.. eV at ...keV, active area ... mm2, thickness ... rom, 
Be window thickness ... rnm) coupled with a multi­
channel analyzer system consisting of a 16,384 
channel analyzer and spectroscopy amplifier. The 
distance between the radioactive point source with 
sample and the sample and Be window of ... detector 
was 7 and 10 cm, respectively. The peak areas have 
been calculated from the spectrum obtained for each 
measurement. The measurements for all samples were 
carried out three times for each energy value. 

4. Results and discussion 
The experimental and theoretical results for the 

mass attenuation coefficients (Pm) of LiF single 

crystal pure and LiF single crystal different doping 
have been tabulated in Table I and were plotted in 

Figure 2. It is clearly seen that the Pm values depend 

on the photon energy. The Pm values for all samples 

decrease with increasing photon energy. As can be 

seen in Table I and Figure 2, the experimental Pm 
values for almost all samples are smaller than their 
theoretical values calculated using WinXCom 
program based on the mixture rule. The reason for the 

small experimental Pm values compared to 

theoretical values for the material can be attributed to 
the oxidation occurring on the samples [8]. However, 
this difference might be from experimental system, 
counting errors, efficiency errors and so on. Measured 

0'/ and (jIt values for samples were presented in 

Table I and plotted versus photon energy in Figure 2, 

respectively. The plots of 0'/ and O'e with photon 

energy are almost similar to Pm plot. 

Zetr values for a composite material is a very 
useful parameter for some applications such as 
physical, technological and engineering. Zetr 
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represented with a number provides many 
characteristics of a material. In this work, Zetr values 
were detennined from equation (4)-{6) by using the 

experimental and theoretical values ofPm ' and given 

in Table 1. The variation of Zeff versus photon energy 
was also shown graphically in Figure 2. It is seen 
from Table 1 and Figure 2 that leff values for present 
sample vary with photon energy. In the composite 
materials, the interaction (such as absorption and 
scattering) of r-rays or X-rays is related to Zeff value 
of composite materials and the energy of photons. 
There is energy transfer from photon to matter in 
these interactions. Although the dependence on the 
photon energy is dominant in interaction with low 
energies, it can be negligible at high energies. The 
dependence on the atomic number indicates that 
materials having high leff absorb powerfully 
incoming photons [8]. Neff values were detennined 

using Pm and (1'e values and given in Table 1 also 

plotted versus photon energy in Figure 2. It is seen 
from this table and figures that Neff varies with photon 
energy. 

5. Conclusions 
The present experimental study has been 

undertaken to get some infonnation on the Pm and 

relate parameters (leff, Neff, (1', and (1'e) for some 

LiF single crystal. We have demonstrated the Pm is a 

useful and sensitive physical quantity to detennine the 
Zetr and Neff for LiF single crystaL In the interaction of 

photon with matter, Pm values are dependent on 

physics and chemical environments of the elements in 

the sample. The Pm values of LiF single crystal 

decrease with energy is identical to Pm . In the present 

study, it is indicated that the Pm' Zeff and Neff are 

useful parameters for LiF single crystal. The results of 
this study will be helpful to understand better how 
mass attenuation coefficients change with variation of 
the atomic and electronic number for LiF single 
crystal different doping. 
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, • V II 

1~'lJ'~~Vi~u~~11~~el~~iJ1t1Y1~"U'l~tI~~ULLn~'l~tI~tlI1~ellti 

AIEtIAflJ : llfL¥l~L'lVl LLlJ'lALVlel'lIU, tJilllru.'~R"U~11~Mqj , LVlel'Lllij 

jjLu~Lc.ll'U'1i 

Abstract 

Absorb doses in rectum during HDR Brachytherapy of 

cervical cancer patients at Ubonratchathani Cancer Center were 

examined. Domestic developed 40 pack compose of UF:Mg,Cu,Si 

thermoluminescence dosimeters chip of 4.Sx4.SxO.9 mm3 , with 

up to 9 detector were positioned every 10 mm separated by 

sponge and wraped with condom and placed at anterior rectal 

walls defore high dose therapy by inridium - 192 in 40 

volunteer patients. The dose measurement from TLD were 

compared to the dose calculated by BrachyVision V 8.1 treatment 

planning program. The results are agreed in general well with the 

average percentage. Difference and the standard diviation of 

between the highest dose measured by TLD and calculated 

by computer planning programe were 10.620 percent and 

31.289 respectively. The results of this research will be 

beneficial to the radiologist in planning the treatment of patients 

with cervical cancer in the future and also for monitoring the side 

effects caused by exposure to the intestinal wall of patients in both 

the short and the long-term. 
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'WUlJ1n'lU'l11"a1f.J 35-60 11 [1] L6ItJijr:libtJ'1tJ'lVl1i1ln~1.J'~lJ1ru 6,000.. 
'1tJ a1LVI~Ln6l~1nlJ6I'3n~61L;'iaLa'1f~1'1fU6Ina'l";Ln6llJ~L~" Vl1nLiJu'lu 
'~tJ~qnn1lJ~~a1lJ1'f1'n'l!t1Yl1tJ15n1' v.i1(ii'61 n1'U1 tJ'''~LLn~LFlijU1il61 
n1,u1tJ'''~Lvla'n'l!t1lJ~L~,,1.J1nlJ6I'3n~~'l'1lLV1F1UFln1' H" LL-5?11tJe:llJl'1'l,,; 

1.J~lJ1ru'''~iJ''Y\LitJnnu11 High Dose Rate Brachytherapy (HDR 

Brachytherapy) ?11tJ~un1LU6I,,,~il~L~tJlJ - 192 ~"jjan'l!tru~LiJuLLvi" 
L~n'1aa6lL'li111.J111tJ'lu1.J1nlJ6I'3n'l";ij~1LLVlti"'lnanuu~L1ruY\~~'Vhn1' 

,n'l!t1 1fi HDR Brachytherapy LiJu15alJtJ'lVl1iY\1?1~(;)JU1L\1F1UFI 'l,,;ij 
F111lJtJn~a"LLn~LL1iuti1lJ1n'iiu ~"'l'1lL1n1'l Un1"n'l!t111iu 1U r:libtJ 

nauu1u161L1i~a"uauL''''WtJ1U1n [2] 
'lun1'11"LL~un1''l'';1.J~lJ1ru,,,anur:libtJY\~u6lJ~L~''ilun'l'1l 

15n1'A1u1ru~1tJL1.J'LLn'lJFlalJ'W1LlJIa~Y\LitJn11 Brachytherapy V. 

8.1 L6I tJ'lia2Jnttl1 LLVlti"lJ~L~"LLn~ttl1LLVlti"a1tJ1~'li1" LFitJ,,(i}1"'1~~fi1V1U61, .. 
~1nn1'fi1tJfl1'W~1tJ'''~LancB6 Lila"~1nn1"n'l!t1~1tJ15ilLiJun1''l,,; 
'"~1.J~lJ1ruiJ,,nu r:lib tJ'lu'~tJ~L1n11u G;'",fUri"Y\~1 Lilu~a"'~lJ6I'~1" 
LLn~Fi1ii."fi"ad1"lJ1nFiau~L1rua1tJ1~,j1"LAtJ"L'l1Un'~L'W1~rJaa11~VI~a 
a11~Vlqjvi~a"LeJ1~LLn~Fin'l!t1~n'lJa",,,~viijviaa1tJ1~Gl"n~11 Liia"~1n.. . 
YI"n'~L'W1~rJ~a11~LLn~~11~VlqjLiJua1tJ1~'lJU161L~nVla~fl1tJ'lU-51"n1tJ 
~"Ltlun1'tJ1nvi~~161,,,~1~ ~1161vi"~~~a"ijFl11lJa1lJ1'fl'lun1'~1LLun 
1.J~lJ1ru,,,a,,,alJl1lJLLU1tJ11'i1a"a11cfl~ jj'lJU161L~nLLn~ijFl11lJLvitJ"lJI'" 

fil" Lambert J LLa~flfU~ 1~Vi1n1'Fimf1L1.JitJuLVltJ1J~ru~lJil~vi1"'1'i1a" 

,,,aviL~u'Vl1"L,j1111'lu,,,,u~1na,,viLtlutI1 (Water phantom) L6ItJQ.1tJ'''~ . .. 
'n'lf1lJ~L~,,1.J1nlJ6Iijn'l";LLn Water phantom LLn~'l-ti~1161,,,aVlVl1.na1~ 

3 'lfU6IAa 'lfU6I diamond detector, a MOSFET, and LiF TLDs 

Ltl2l tJ1J LVI tJ1Jnuvi'l-ti" 1 uti'~~1Aa sci ntillation detector (BrachyFOD) 

http:LLn~'l-ti~1161,,,aVlVl1.na
http:1J\11.11


YUJ11 diamond detector 1~tJ~lJ1ru;\1fl1~\ln~e:h'lvlq~LL¥ljj'lJU1~'LVI'1JUJ 

LVllJ1~alJvI~~'L,y1~n1Je:l1tJ1~fl1tJ'LU1~ a MOSFET jj'}je:l~1n~;t'\1v1 vi 
II 

A11lJ~n'L~~1U1lJ1n'1~~1~fi11\Pi~~'Wrl1~lJ1nii\1 30-40 % fl1U LiF 
II 

TLDs Wrln1'VI~rle:l\1LLa~\1'L'HL-MU11iJel1U1~~"1 LLUn;t1lJA11lJ~n'LUU1~ 

LL¥lLL;tn¥l1\1~1n~11~'1fu~~u;t'\1v1UJa1lJ1'flVl'11JtJ~lJ1ru;\1fl1~V1uVi [3] 
'" '" wrln1'VI~rle:l\1ilLiJu'}je:lJ;lrl'Wu5i1u'L'Hn1J~1~tJ'Lun1,~~au'L~L~e:ln~11~. '" 

'L'HiJA11lJLVllJ1~alJn1J\11UVi~~vi1 Ue:ln~1nU~1nn1'AnH1\11U1~tJ'lJe:l\1 

U1tJLL'WVl6Le:l~L1tJ'51 L~'W [4] 'W1J11n1'U1TLD'1fu~ LiF:Mg,Ti"Na lJ1'L,y 
1~tJ~lJ1ru;\1 fl'LU~11~'LVI'1JvI~ihtJ1~;1J'lJru~iJn1'u1tJ;\1fl;nH1lJ~L~\1 
tJ1nlJ~Ejn 1~Wrln1'Yl~rle:l\1v1ae:l~A~e:l\1n1JtJ~lJ1ru;\1flvlA1u1ru~1tJ 

'" II 

Ae:llJ~1L;te:l-5fie:lun1';nH1 Ue:ln~1nUL'll1if\1~'L'HL-Mui1n1,u1TLD lJ1'L,y 

\11u,fuvi11~~1tJn11n1''L,y1fi1~LL1J1J~U'1 TLD'1fu~ LiF:Mg,Ti"Na vi 
'" . 

U1lJ1'Lcd'lU\11U1~tJuWa;t"1n1J~HYl Philitech tJ'~LVlFf~;\1LFfa iJ~nHru~ 
Liluw~nw\1~e:l\1u1lJ11J"~rI\1LLAtJ'11r1'lJU1~LanL~ tJ LL¥lrl~LLAtJ':t1r1iJW\1ViLLe:lrl 

~e:l~ 34 ijrlan;lJ L'lJ1U1 TLD ~1U1U 10 LLAtJ'11r11tJ11\1~1'LULLU1tJ11'LU 
vle:l'Wrl1ailn LLrI~ae:l~vie:l'Wrl1ailn~\1n~11 L'1111tJ'Lu~11~VI'1JYl1\1V111' 
Vlun fie:lUn1'U 1tJ;\1fl;nH1'L 'HLLfilJ~L~\1tJ1nlJ~rln.. 

~1JLite:l\1lJ1~1n~1~tJ1~;1J'V)U~~VI'4Un1'vi11~tJ~1nlJVl11V1tJ1~tJ 
~1J rI'1'1ffi1U tJ '~~1iJ\11JtJ'~lJ1ru 2553L~e:l\1 n1'~(QJu1ViLLe:lrl~1~;\1aLL1J1J 

'Wn'W1'il'u~LiF vljja1'L~e:lLilu Mg , Cu ,Na LLrI~ Si L~tJ'L,yLYlAUAn1' 
Wa;tLL1J1Jn1'LtJ~tJuLA'\1a'f1\1'L'HLiluw~nLt'\1L~tJ1~1tJLYlAUA'lJe:l\1 
Bridgema n vi1'LVlL\PiLi1~ViLLe:lrl~vljjA11lJ LL;j\1LL, \1YlUVI1U1)JLL;tn~n~1tJ 

II 

a~~1n¥le:ln1,'L,y\11ulJ1nn11n1'L;t~tJlJ'Lu~nHru~N~nN\1V1\1if\1V1uVl1u¥le:l 
~ ~ I I 

A11lJtua1lJ1'n~1\1vt1A11lJa~e:l1~1~UU1n~u\Pi1tJA~UL~tJ\1tlrl;t'f1L'1f 
II I I 

UA Ue:ln~1nU LiF Vie:l~'Lu~tJw~nLt'\1L~tJ1~~jj~nHru~'La1)JLn~lJCYVl1'Lu 
L~e:l\1n1'U\1LLa\1'Lu~1Le:l\1 fl\1Wrl'LVlL~ViLLerl~vliJA11lJ11'Lun1';te1JaUe\1 

II • 

¥le:l;\1flij\1 [5] uen~1nilViLLerl~'il'U~Vl'L,ya1'VI~nLilu LiF if\1iJArualJuil 
LVllJ1talJvi~tU1lJ1'L,y\11UYl1\1v11Un1'LL'W'VI6Lite\1~1njjf')rualJuil¥le;\1it 

II • 

LVltJuLAU\1nULUeLue (tissue equivalent) jjcnu1~Lan a12J1'nae~'Lfl 



., 
LcU1"h.l1~fl1 tJ'Utl1tJ1~)J'l1~rJl~ [5] Vf~ t1~iifl11)J11'un1 ';~tllJ~Utl~\i\tl 
,~~ LL~::;jji:hu1';J;i1LLun~ 

1flClu,;::;a,ul 

L¥itl1~LL~::;tJ';::;LlJUfhtJ~lJ1rn,~~vlw1fl1tJ'u,h1a'\-1cY'lItl~r.IihtJ 

)J::;Li~tJ1n)J~ijn l~tJ''1i TLD '1l'U~ . . ., 
LiF: Mg,Cu,Si LLlJlJ~~nL'B~L~tJ1Vi~~~;juLtl~'ut.l';::;LV1A 

';~Lil[JlJ~ft'\l~Q[J/£lun,;ntLLa::;~ftn1'; 

'un1,;~Q[Jfl~'\IiiLLl..i'\l'1iuflilun1,;~Q[Jl~Lilu 3 '1iu fl'\lii 

1 '1iuflilun1';Lfl'S[J)JLifflTLDrliluu11u,,r'\l1u 

1) n1';tllJ (Anneal) TLDL¥itl1,hlryq!1rn~nA1~ 1~tJn1,;ti1Lij~TLD1t.1 

tl1JvI~rn\-11Jii 400 °C LiluL1~1 1 '1i'11)J~LL~::;tllJ\i\tl~1tJ~rn\-11Jii 100°C 

2 cH11)J~ LL~::;tJ~tltJ'l~LljU v11~'\Iij~rn\-11Jii~tl~ 
., 

2) 'ifuvmUn1';\-11fi1LLrit.l,;~;i1Lij~ (Elementary Correction Foetor: 

ECF) ti1Lll~TLDvltllJ11LL~1)J1o.1tJ'~~Ltln'11~1tJLV1flufl 100 

KV,10mA, Field Size 14x14 L'll'ujlL)J~'; LL~::;ti1)J1thufi1~1tJLfl~tl~ti1U 

TLDFi1u1rnfi1 Elementary Correctin Factor ~tl~LL\i\~~LiJ~ 'lun1';\-11 

fi1fl~n~11ilL\XJtl'~~'lltll.l~v\~ 1~vi1crl1Lilu;i1u1u 4 fl.f~ 
., 

3) sffuvmun1,;ai1'\1~~TLD1~''\I~'lu~11a'l\-1cY~tl~ ~ihtJ)J::;L~~lhn 
., • I 

)J~ijn L~tlnvJtl~ti1'Vijjfl11)J~)J1lJLL'ii~LnU1tJ (Lwtlii'~flU1'jjLn~';::;fl1tJ 

L fi tl '\I N1 \-1 i( '\Ifl 1 tJ'U ~11a' \-1 cY ) ~~ Ltl U'l tJ ft L\-1 ~ tJ)J ~U 1 ~ 3x10 

L'll'UjlL)J(;l'; L';J1::;'ltJ'~ii~u1~'ln~LfitJ'\InlJLij~TLD;i1U1U 9 vl1LL\-1U'\I 

1~tJLL\i\a::;vl1LL\-1u'\IM1'\1nu 1 L'll'UjlL)J~'; fl'\lfl1'WvI 1 LL~1ti1Lll~TLD)J1 

1J'l'l~'ctLL\i\a::;vl1LL\-1u~1~tJQ::;''1idl~TLD5n 1 Lll~L~tlLiluLij~v\'l'1i1~fi1 
tJ~)J1 rn''\I~Ltlncfi , Un1'l~'l1Q~vl1 LL\-1U~n1,;jl~~~tltJn'l rn~1\-1ilJ'lct 

LL\-1a~ti1Lu~,~a~~L~tJ)J - 192 



fl1'Vilii 1 LL~~h1(;}1LL'lttU" TLD ~" 9 Lij{j\ lii"l1"?11L'llLL'll1EJ11v~fl1EJL'll 
" vJv"U1 

2 ,f'llfau'llfl1,'Vi1 Standard TLD 

1) u1Lij{j\TLD liiL(;1~mJ1iLL~1)J111"1iL'llLLt:-.i'llv~A~~A (Acrylic) liin 
anlffU~ftL'ltt~ EJ)Jvin"'Sv" EJ11 

(;1"5"n ~1"L~vliiQ~LtlU-rlv"Vl1" LA riv'lllii~1'ltt'lU LL'lttA",.l1LU{j\'l"rt 11" 
" TLD LU(;}1 LL'lttU,,111"Q1n"'Sv"'lJV"LLt:-.i'll Acrylic Vf"~v"'111"Ltl'll"5~EJ~ 

" .
2 L'lf'll~L)J(;1"5 'ltta"Q1ni!'ll'Vi1n1"5U1EJ'l"rt~~L~EJ)J - 192 L,,;nuLij{j\ TLD iii 

" I " 

Q~L«dLtlu)J1~"5!i1UuiiiiJ~)J1fU'l"rtv\1"'lnU?1"LLv\ O.S ..; SGy fl1'Vin1"5 
Vl{j\~v"jl"LL~{j\"LUfl1'Vilii 2 

1l1'Vilii 2 LL~{j\"n1"5Q,1EJ1vL'lfLVliJ;'"rta;L6iEJ)J - 192 '1.un1'; 

vh standard TLD 



v , 

1) ~LL~\I'l~~ihtl,u'V1'l1ULL~~L~U~'l1t1~tl'lU'lUtlUtltllJL'}j1~1lJ 
v v 

LA'l\ln1'l1~tI'luA'\lU 

2) 'l'1lf!\ltl1\1tlU1lJtI (Condom) ~1lJVlu'lf~TLD vh(;litllJ11 LL~~ 

'l~LL~'V16LtlU~~hLilun1'lU1TLD ~fl~ L'}j11t1'lu~11~'l'VIqj'lJtl\l~lhtl'V11\1 

'V111'l'VIUn 
, v 

3) U 1 ~lh tl1t1ri1 tlfl1~~1t1'\lrtLtln'lf L~tl(;J~1 LL'VIU\ln1'l~~~\I 
v 

tltln'lru LL~~~1 LL'VIU\ltl1tl1~'l1lJVI\I~~1 LL'VIU\I'lJtl\l Lij ~ TLD ( fl1~ri1 tI 
, , v 

~\ln~11~\1 LL~~\I'lUfl1~Vi 3) '}jtl~~~1LL'VIU\I~1\1'l'lJtl\lfl1~ri1t1Vi1~u~~ 

u11t1 LtlU'}jtl",~~uiJtlU'l~nuLtI'lLLn'llJAtllJ~1L(;ltl1 Brachytherapy V. 
, , v 

8.1 L~tlA1U1 ru.'VI1A1t1ilJ1ru.'\lrtVi~1 LL'VIU\I~1\1'l1~,u 'l1lJVI\lU11t1'l'1l 

t1'l~ntlu'lun1'l11\1 LL~Un1'l'l~t1ilJ1ru.'\lrtvi~~vl1n1'l'n1!t1 'lUn1'l'V1~~tl\l 
v , 

U~tl\ln1'l'V1 'l1U A1t1ilJ1 ru.'\1 rtVi AU 1 'lJ'~'U'l~'VI11\1n1'lri1tlfl1~~1 tI,\I rt 
v v 

Ltln'lf'lu'liU(;ltlUu~\ljjn1'lU1 TLD tltlnlJ1~1n~11~~1U1U 1Lij~ LtlU 
, v, 

TLD Lij~Vi 10 U'l'l~'lUvitl~~1~~n ~~~\l11'l~'VI11\1fi\ln~1\1'lJtl\l TLD Lij~ 

vi 4 nu Lij~vi 5 

1l1'Wvi 3 LL~~l\Ifl1~ri1t1'\laL~n'lf~1nn1'l'V1~~tl\l~;\I'lJru.~vl11~tlLyJtl~., 
~1LL~u\ln1'lfi~~\li}t1n'lrn'lu~n1fru.~~ihEJutlufl~LLA\I~1ucif1\1titlu~1Jn1'l 

~n1f1~1n1tlL'1fL'V1t1~\la il~L~EJlJ - 192 



4) U1AU1'lJLUo.111''\1~~1l11eJL'l1LVl1j~~LGilllJ -192 LvleJ'n1.i1lJ:::L~'\1 

U1nlJ~'ln L~1I'l~LV1AitAn1"5o.1l1W11lJ Treatment planning programe vi 
eJ~'lun1'l(;JLLn'lJeJ'\1-5'\1~LL~V1tJ':i1lJnlJi(n''\1~LV1AitAFjUtJlJ:::L~'\1~lJn l-t~'\1:J1n 

AU1ciJ1~-5lJn1"5-5n1f1L!jll1eJlILLa1 ~lI1lJ1n:J:::Lilu~u1~~1~-5'\1a TLD eJeJn 

:J1n~11~l-tqj ~1~lIWI"51:JaeJlJA11lJL!jlllJ1eJlI'lJeJ'\1~1LLl-tti.'\1 Lij~ TLD LLn::: 

U1fl'\1111'\1eJU1~1I (Condom) eJeJn :J1n,fuu1Lij~ TlO lJ1e.i1UA1U~lJ1ru. 
LLa'\1~111 LA~eJ'\1thuVlLLeJnGi LLn:::A1U1ru.l-t1A1U~lJ1ru.-5'\1~ 

Na"1"5~~1I 

Na"1"5\11 Standard TLD lPlNan1"5'V1~ail~«~LL8'~~'lutl1'Wfi 4 

-5 o 5 10 

TL Signal (J.lC) 

y = 0.222)( + 0.104 

Rl= 0.990 


15 20 25 

fl1~vi 4 n"51yJLLa~'\1A11lJRlJ'WUt5"5:::l-t'·h~U~lJ1ru.LL'h1viu~eJlIeJeJnlJ1:J1n 

TLD (J,lC) nlJU~lJ1ru.-5'\1avi TLD 1~-5lJ (Gy) :J1nn1"5Q.1l1-5'\1a'lJeJ'\1 

leJL'l1LV1u~'5LGilllJ - 192 viU'$lJ1ru.-5~a 0-5 Gy ( n=3) 
Nnn1"5V1~neJ~'lJeJ~n"51yJU-5lJLVilllJlJ1W1"5§1U«~fl1~vi 4 LLa~'\1 

'l'ML'MU11U'$lJ1ru.LLa~viuaeJ lIeJeJ"lJ1:J1nTLD :J:::iifi1lJ1 n41u LiieJu'$lJ1ru. 
I V 

-5~aViQ.1l1'l'MnlJw~TLD nfi1lJ1n'iiuLGlllnA11lJalJ'Wut5LilulU911lJ'lULLlJlJ 

alJn1"5L-B'\1L~U Y = 0.222x + 0.1 04 LLn:::nA11lJLiluL-B~L~uvi~FieJijfi1 

correlation coefficient (R2) LvhnlJ 0.990 



Han1,i~ltJ~lI1cu,i'\lft.t1tJ TLO 

~nn1'1~t1~1J1cu,i''\l~Yi~1~.nr."a11~LVlrU(;)'1tJTLO a11J1,nU11J1 . 

\1~1,cu,11(;), 2 t1't:L~U A£)t1~1J1rni''\l~LUa11~LVlrU'lIch1AU1'llLLvint:AU 6l'\l . 

LLa~'\lLU?l1'1'\lvi 1 nlJtI~1J1rni''\l~'1'\lq~LU~tJ'lI£)'\lAU1'll 40 '1fJ Yi~U'\l 
a11aJ.(;)'i'lJ 6l'\lLLa~'\lLU?l1'1'\lvi 2 

?l1'1'\lvi 1 LLa~'\l9f1tle.j1'\ltl~1J1rni''\l~vi1~1~LU?hLLVlti'\l?l11JfJ11'l1tl'\la11~ 
, " 

LVlrU~1tJ'1f~1~i''\l~TLDVlai1'\lc§ju LUAU 1'll1 '1£.1 . ,
?l1LLVlU I 

'\lLlj~ 1 2 3 4 5 6 7 8 9 
TLD 

t1~1J1 

rni''\lrt 1.16 1.82 2.95 4.42 4.76 3.88 2.19 1.27 0.96 

(Gy) 7 0 6 7 ,­ 3 4 2 7 0 

fl1'1'\lfi 2 LLa~'\lFi1La.~tJtI'S1I1cu,i'\lft cu, lJ'SL1cu,tl1LLMu'\l'iJil'\lthli-Al.t'ilJ 

tJ'SlI1cu,'i'\ll''\lif~'t~tJ1fii~fI''\l.t1tJTLO tllJ1fi't:~tJ'SlI1cu,'i'\llfl1l1-A11'\l 

LLHun1,'inln.t1tJ'ttJ'LLn'lIAilll'W1Lflil' (Brachy Vision V.8.1 ) 'iJ£)'\l 

~il1tJfiLtlU£)1a1aJjA'~1u1U 40 '1tJ 

Average ± 

SO 

Average percentage 

difference ± SO 

'1.I1S1I1cu,i.alfli~~1tJ 

TLD (Gy) 
5.020 

±1.211 10.620 ± 31.289 
'1.I2S2J1cu,i.alfl11.aLLHU 

"'1 tI'ttJ'LLn'lI 

fl£)lIit1Lflil' (Gy) 

4.370 ± 

0.665 



· ... .
~\1ilTLDViai1\1.nu LUFlU1,j'~\1LLa(;1\1LU(;l1'51\1Vi 1 ~lJ11t1ilJ101.~\1il(;l1lJ 

LLU1t111'i1eN~11~VlqjlJiL10I.1a'(;l'5 \1 !iuilJ101.~\1il111Lvhnu LL~!iLLU1hIlJ 

n1'5 L -AlJ;1ULLn~n(;1 n\1 ~n'l!t0l.~F1~1t1'5~'.i1\1F1"h L(;1t1lJ~L101.vI!i~\1ilUilJ101. 

lJ1nvlq(;1 (Maximum dose) ~~vtJLu(;hLLVlU\1v1Ln~nlJLLVla\1ti1LU(;1~\1il 
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RADIATION DOSE MEASUREMENTS USING THERMOLUMINESCENCE DOSIMETER (TLD) 
IN PATIENTS ROOM AND ADJACENT AREAS FROM 1-131 IN THYROID CANCER PATIENTS 

TREATED AT SIRIRAJ HOSPITAL 
I I 2 

Suwicha Lasa', Malulee Tuntawiroon , Nopamon Sritongkul , Jintana Laopaiboon 
J 
Division ofNuclear Medicine. Faculty ofMedicine Siriraj Hospital. Mahidol University. Bangkok 

1 
Ubon Ratchathani University. Thailand 

Introduction: Thyroid carcinoma patients treated with 1-131 are potential sources of high radiation exposure to 
others. The purpose of this study is to measure the radiation dose in and outside patient room by using two types of 
TLDs, TLD-I00 (LiF:Mg,Ti) available commercially and an in country developed TLD (LiF:Mg,Cu,Si) with the 
aim oflimiting exposure to attending staffs and helpers. 

Methods: Both types of TLDs were irradiated in and outside patient room for S weeks during the period of 
patient isolation in the medical facility. There were 7 patients admitted, each for 2 3 days with a total administered 
activity of 1.243 Ci. Absorbed dose rate at each location was determined and recommended period in close contact 
with the patient can.be estimated to ensure that level of therapeutic dose will not cause those persons to expose to 
excessive radiation according to ICRP publications. 

Results: Dose measurements were in good agreement between both type of TLDs. Mean dose rates were 21.9 
and 20.2 f.1Svlh at the patient bed, 9.8 and 9.1 f.1Svlh in front of the lead barrier for TLD (LiF:Mg,Cu,Si) and TLD­
100 (li:Mg, Ti) respectively. Dose rate in the bathroom areas measured by both TLDs ranged from 4.S to S.2 j.1Svlh. 
TLD (LiF:Mg,Cu,Si) respond to low dose level «1 j.1Svlh) 2 to 2.S times more than TLD-I00,1.3 and O.S j.1Svlhr 
were detected behind the lead shield and 1.4 and 0.7 j.1Svlh outside the room respectively. In hallways and near 
elevator area adjacent to the patient room the dose rate was between O.IS and 0.4 j.1Svlh. 

Discussion: The dose rate at the patient bed was above the limit for occupational workers, whereas the dose rates 
in other locations were below the limit. If helper is allowed it is best to restrict care time limits. With proper 
education and special instructions, radiation exposure of health professionals and individuals willingly helping in the 
comfort ofpatients can be minimized. 

Conclusions: This study provides guidance for medical practitioners to obtain practical radiation safety concerns 
associated with hospitalized patients receiving 1-131 therapy especially when helper is allowed.' 

Introduction 
According to statistics collected by Siriraj Cancer Center, Siriraj Hospital of 2008, thyroid cancer was found to be 

at rank no. 9th of most common cancers. Prevalence of thyroid cancer was equal to 3.84% ofall cancer cases and the 
most common one of all cancers in endocrine system (l). Treatment is generally done by surgery while the 
remaining thyroid tissue after such surgery can well capture Iodine-13l. Therefore, after the surgery, it is required to 
further give Iodine-131 to destroy the remaining normal thyroid tissue. There are 2 levels of radioactive intensity; the 
first one, applying lodine-131 at lower than 30 mCi and patient is allowed to go back home (2,3,4) and the second 
one, applying Iodine-131 at higher than 30 mCi and patient is required to be admitted as inpatient subject to the 
criteria prescribed by lARA Safety Series No. lIS, that is, the patient in which body level ofIodine-131 is higher 
than 1100 MBq (30 mCi) or radioactivity at 1 meter range from the patient is higher than S mRlh (O.OS IlSvlh) is 
required to be isolated in single bedroom with radioactive proof facilities including isolated bathroom{S). 

Treatment ofpatient with thyroid cancer by Idodine-131 at high radioactive dose and inpatient type may pose risk 
from radioactive source of patient on hospital staffs or patient's relatives acting as carers, comforters or caregivers 
during providing support to patients who can not help themselves. Exposure to radiation of these persons has to be 
within acceptable level pursuant to radiological safety standard and it is thus a responsibility of radiology expert to 
properly consider preventive measures and to avoid radiological risk to these people by assessing accumulative dose 
relevant persons may be exposed to by measuring radiation from patient to environment in isolated room and 
surrounding area in the hospital ward. Measurement of radiation from patient within isolated room at hospital and 
surrounding area is usually done by survey meter and there was only one study by Abu-Khaled and et al (8) which 
reported that Thermoluminescence Dosimeter (TLD), a popular dosimeter for measuring accumulated dose in 
environment (environment dosimeter). Property ofTLD features as crystal of natural compound to be used for dose 
measurement e.g. crystal of Lithium Fluoride (LiF). When this crystal absorbs radiation energy, electron will be 
stimulated to the orbit ofhigher level until it has been stimulated by heat; energy will be released in the form of light 
quantity ofwhich will directly be proportionate to volume of radiation absorbed. TLD has an advantage that it can be 
reused although not re-readable. TLD (LiF) has effective atomic number similar to that of human tissue causing 



volume of radiation measured by TLO to be comparable to measurement in tissue, or called tissue equivalence. 
Although its size can be varied as desired, its use limitation is that the price is still expensive as it has to be imported 
from aboard. This research therefore focuses on comparative study of radiation measurement by TLO developed in 
the country and TLO 100 brought from abroad. 

Materials and Methods 

This research is then used TLO 2 types were TLO (LiF: Mg,Cu,Si) and TLO 100 (LiF: Mg,Ti) reading light with its 
TLO reader Harshaw I Bicron Model 3500 with nitrogen gas flow were used by the heating temperature on seed 
crystals from 60 to 300 C, heat rate 10 C I sec. Preparation of TLO (LiF: Mg, Cu, Si) before use do this by Q Q 

application TLO to anneal continuous at 400 Q C for 1 hour and the temperature of 100 0 C for 2 hours, the TLO to 
anneal and then to screening radiation. Then read the amount of light to do the same until the third time and calculate 
the solution due to the radiation sensitivity of each TLO pellets that do not resolve to the same radiation sensitivity as 
well. This value is called ECC (Element Correction Coefficients) of the TLO. The purpose of a calibration curve of 
TLO to find that relationship between radiation dose to the signal light for use in calculating the amount of radiation 
measured by the thyroid cancer patients who received 1-13 LBoth types of TLOs were irradiated in and outside 
patient room No.23 for 5 weeks during the period of patient isolation in the medical facility. There were 7 patients 
admitted, each for 2 - 3 days with a total administered activity of 1.243 Ci. 
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Figure I. Map ofI-131 treatment patient in isolated room No.23 and surrounding area in the hospital ward. 
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Measuring radiation level using thennoluminescence dosimeter at room treatment of 

thyroid cancer patients treated with iodine-131 at Sappasitthiprasong hospital 
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Abstract 

The purpose of this work is to used the TLD chips of LiF: Mg, Cu, Si produced by the 

Department of Physics, Ubon Ratchathani University. To measure the dose at the iodine -131 

patient treated position, double check scan, room patients, nuclear medicine room door, lead box 

and store it, he chair for patients waiting for treatment, wall hot lab and storage box contains 

lead, 1-131 in nuclear medicine at Sappasitthiprasong hospital for 30 days and 60 days. To 

measure gamma rays emitted from a source of iodine -131. It was found that the total amount of 

light emitted from different position are not the same. And when it came to evaluate the amount 

of radiation from the Standard TLD. The radiation dose received per hour of patient treated 

position is equal to 2.090 J.lSv I hr for 30 days and4.940 J1Sv I hr for a period of 60 days which is 

higher than other areas. which more than acceptable for the general public (ICRP). The acceptable 

values equal to 1 IlSv I hr. But within acceptable values for the radiation workers. The acceptable 

values of 10 J,1Sv I hr. 
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