/i RY, '
“’:l > elzn
- LE i inyl g i
e —
Cailes sl ;2;:}
ol nmsl plg g2 . o “ | ]
> ; :';’ i - é - - -
‘;sa-}b-b 6wy gy LIF:ME,Cu,P OUL 5 ey L
. 1 - Z . .
o u‘.L’ L‘Js U‘-;—Pw By
'l e a5 7 sl daae ' Sslo Oles!
Ol OLalS OLalS o Kils (5L (g ke ke oS .
Ol OLES OLELS o851 (S b oA N
AVTAV=0V VTV sy AS (5l (55508 5 psle 0l 5y QLIS oLl cstishy b sk 0L (olgiol *
sdgh@kashanu.ac.ir : S5 =0 ey
oS

QJ\.:M:) Lglj" A aslw g_JJ.) w})@fﬁjﬁ:ﬁ Yoe00 ;)‘JJ]LM}J“‘V&JT“ duddbbbeJﬁYT.&b)jﬁ&f&i))))ﬁ ;J}A.’

S a5 S lssad e ol A eslinad N B 5l el 03555 el 53 Sl e S Ul Ll 5

(GR-200) (o,low & 05 L sddantle ay3s el Cowdas o AL sy Jse /00 53 Ol e 9 S ey Ol slaals

A sdalie (6ol s sddantle sladisod gl SLSC L Jbbe S s sed 5 Comlom 45 13 aulie LiF:Mg,Cu,P

B P PSR RV PP CPCA IS P P Y- 5 PRV 4

500 bl S e Shrs allan 53 (ol O Ky,
Mg O en ol b L QL Jls S cpl ool 4 S
Sl es 8 el 3 eslinal 5,4 (LIF:Mg,T) Ti
Cotlw 3 558 VAVA Jle s L 56 L sl sl
P 5Cu Mg sla LU LLIF 5l o e s S
i ol Sl el a2l S e of SV ] Bl Ol
S S sy ks end Jley S 51 eslinal s Al
LiIF:MgTi 1 ¥ ol gl sdelomsay Conlas 143)
Sk 02 Sane sl A0 O REas5 5 (s el 1S
S LS 5Tl s S s s ol TL
—.» LIF:Mg,Cu,P __tL S Gl 3 ) e AL

e Al s G ladlas 55 [Y] L5 S

1. Nakajima
2. Bos

40l .\

o3l sde slls (TLD) sk S sloa o3 5 =
VIE Ol 0 b 4 s b b (Zenr) 550
b L s sl b pamie (Shs (ol Aaes
S A (Ll 5 WD) S5 slagin 4 Sl a3
2l e 3 e Bl i sl wsll S 5,
Dbz b 0L 50 55 6 Seshil sl Jbayl SLls
3008 Gt o5 el 5 b e Sleys 5 sladl s
5 (LiF) w4l i Lles S Iy (63,8 (6 e 3n 53 L)
Shceal GBS sy 4 (5 2es35 5 dlse o Sy xe
slacosb Lol s ol sde SGns tay s ol sblse
OF 35 (85,5 31 Sy 6,8 53 Ol a3 o8 sl O

a5 3550 3 s JILIF Jias S .crul @il 5 wlin



¥ 5o o Jo Al

&l 0 o g 8ol Aluan ( Solo lus] A4

LiF:Cu ,za35 TL Slis gas alas3l [V Y-4] ol ol
SS30LLE DY 45 S )3 andllas 550 by 0 S
g ea jalls o)y oay o LiF Joey S oS o
sslial 5550 Ul S Sladlae gl (HLSan 5 5 )
O esle ol S Ularils sdde ol Lol 4 S ) 3
S o33 SLmaplS 53 eslizal S B s b
(s ol s V] ced b O Canlas 4 S el
Ll potd b8 Gl Sis e il 36
a3 g A oy P s Cu Mg s LU
Y- YU bk S covles L LiF:Mg,Cu,P

Al asle (LIF:ME, Ti s 5o

oyl e Y
Sy s plowit C0 doiir S Sl eslizal b s as 55 e
gove Jue TLD  olSas 3l ol a5, slad e 313
slos S VC/S ol § Kial b ot s s o3l L la
Gres3s opl Bl S Jlages JolS o gl e PC G on
) S Loy S ohuys base sl S s il
e S 5l s alo Bl ladisad 5 A ol 3 S sl & s
Gk yai 51 .(VO'C/min Kol L) L 5w SUI gles b
ol s esliad BT e IS plowil 3 OLSS p o L
ol s el VT g eBs b sl S Sl eslizad LIS
5,08 5 G hles b a4 eyl cle Jyl
S s astls el Cile ol s eslatal ol
S 08T 0352 58 Ol 3l esliad )lse cal cp Spge
05 Slp il Ddds e e S s A e s Ll
Soles pw 5 pd A= e 93 55 055 50 phenedl il Lo
oS Sl el Llg e Jo oy SO ol shad O

s YL gles 53 oy S Ozl 5 s LB L S e

7. Ribeiro

Sl sli o  » LiF:Mg,Cu,P Gl So Ad 5 s
P Mg sl pallsl OIS ol 53 sk 3l il 55 (7]
slasLas 5 VY oCy‘métﬁﬁﬁjQ“ﬁrﬁ
Sal 3wl sy s IS 3B Yo °C i
GRS s ol 6o 1) (23 S 51y 3Les
sl s 5 ke S asllls |, LIF:Mg,CuP 6L S 5ol
Glaa b uis cmd 5 Gl 35U (g5lus o Sal &S
L8] 500 es3s ol sl Sl SO 5 Bl S Sls sal
G L B P e R DV SRS TP ST
sl Csd ) ., LiIF:Mg,Cu,P =L, ;sP ,Cu
iallls 5 LIF:Mg,Cu,P el gl 250 55 [0] Llesls
Vodean dre TC glas s esle oyl Ol S S bl
3 BN Loz b ol /0 3 e 5 0l o3 el
Sl s plllaseia ssbay OISl s [1] ol s
i oas ST (g5l j 5 g3 B e 53 45 O3
LiIF:Mg,Cu,P o5, - laallas 55 [2lan 5 ' S
N SG a8 Ll 5 S sl e o
o=l VT astastts e 5 I TR v (glaa 3
LU S sl Sis o) s axdllas dalsl o Q\ﬁ.&;}f
S Blu, Ol 4 55055188V Jle s oJl S ol
s cpl 53 LOT AT S o LSS 1y 0l L3 Slalas
ol slaamls Sless AL Hye s esdle
Mg Il Cerl s s p 50 L TL lases S8
Lo iagssy el s S uust LUk S sl Wy
e | E VU N Ol jon ssle ol 4 3 gde o_)\..:::(al?;}\
S el Slallles 53 Kz i s e

5 5 S Kos sla il b bl ol 5l 6,

3. Piters

4. A. Horowitz
5.Y.S. Horowitz
6. Bilski



vy O Gbbf Sl gas s @G 36 w5 LIFIME,Cu,P CbL 8 2ejs el

¥ 5 les o Jof >

HCL st L s o iy sl tioll sl (555 5
Lol el s 21350 5 CIL A n ko e 5V N S5 G3,
4r "C slos 3 oy S 3 eddiaiad Ak ges «Colg 43 A
S 3350 Sy geois OF Sl 5 s i sl ¥ Slews
@ Ao sddastla 6LQJ;M~)~>LQU\M.,\.: d)ﬂ@?,‘ <,
23 oo Cosein b o IS8 Oles 4 L ceslinal ¢
03,5 o 43 Gl L 4 S LSa dn sla iles]

A eslizal 510 e olSis SOl s ek sel

s ¥

L,\_:.:\ coddast L JLN")J LEJ)]’TL LSLQL;}L} B Ls‘f
S llsb Ly 5 sla S 51 S0 53 edild 5 s
dj—‘ '/Y L:LIF t.k_M.?J: u{.,\.: @;)\J} ealaia! J)}A w:u
P J\—nﬁ)bd‘jﬂ V/4Y )CU. Loy J}d /e QT LMg Loy
w3 S glwl gl il plowil (sl 5 [¥] A a L
LlFMg,Cu,P j—:‘“"i)b LS\J—’ o ldoslaiul &Ld; V-’j) A
i3y Vo e YE TC les o asle S il esle jles
(a.,\_i‘« «ldlzs U"\ (:Lo..'; g_SJ:.\:«.A FECCINGIW P W Cbu\ BB
Lk:»..w‘ )jl'f w‘\ &Ld; V-’j) BL Yéo c‘(: LS‘YL’ LSLAJ )\ oalaul
0r yals ¥ C Jﬁbl_oﬂ; Jlasl 53 5y m eSOl
[O] g:,._.w‘ ebjj g_):")\)j \) JL:.MJJS J‘TL c&ﬁ'l—i LSM)‘S
s Do ol Sl S il e 5 L
LLE.:EJ Yo [GENVIY YV, °C LSLGJ )\ oslatal 42..“ Lm‘Lfd ol
s cad s el YL Ly AB ol als ol
533 (ol LS o8 ol 35 s s 2) Lo
Jlasl 5L SO ks b Loy ol ool 0l AST 5 slgiey
|5 s eslaad YEu "C 5l VL slas Lo aslsl 5s 5 55

SosSly opl Sladad fen i sl Sl Wad a SL O
sk asls 1 Ve °C L slos Joxd oa b ol 55158
G Sl N Jes sl ey eslie s
.mp@\;bojﬁj@ummCs),s,-\;jg;)s@u
b oogde i 5 3L VU 51 0T s & (s35es 5,8 S
wtle 5 b E) C gl L=V °C Ll 6 28
52 edkdelnil glatasn L3 w3l s sl
33 Sl a8 By p s LIF:Mg,Cu,P sy sl
Slge A eslatwl SO B Sl (gl g ol Sl
5 ks “Se oS s 5l Ses wi,Sa i)
V":‘:J)Jﬁ L gas :.L:\CJ..'; ok slse bl YL ol
sy ol MgCl 5 CuCl, NH4H,PO4 il
ROt el 25 Dosen s S« LiF:Mg,Cu,P

Sl s palie ol e as | LIF 5 (g lais
Lol 5 8Ll LSl &5 « NHiH,PO, 5 MgCl, (CuCly
e 23S bl o SKen (S 5 S 4 O, B
o3 aids Y gl )00 "C o les s sdelcwsay b s
L (3 e 5 s e il 3 ks b 68
Gl yr 5 o3 W e 3l 350 S5y dlasl 055 20
2Ll il ooy K5 oS ol L dide (L3 glals ST
L ol gladi sad (53led 350 ks 3150 S5 S
plowil s Cu —alls b )5 e Ol b mmlize slakal
Sl €U deo s Jyme +/0 00 51 2aS Jliie (5l 1) demes
53 s e Sl ol W5 5 e Sl (S5l
Lo d Jse /0 Gl iy Slaae gl 5 A esls I8 lae
°C Lgl_ﬂ.sl_?\.x_:{\)_)\.ivkqélfljujyg &skws o Cu
(238 )13 lama 55 o 50558 3 \0

UM sy 6310l B olewl SO a5 sl 53 sl 4

LS e:\bﬁjw )Li ke ) ol JJ,.?'- 0v=Yer

8. Merck



TL intensity (a.u)

¥ 5o o Jo Al

S350 o 9 8 g0l sdlan ol ylus! YA

el ;a3 ol TR e 5 sl 50 a2l )
e et 55 Sladles e Coaal siasglis ¢35 o
o=l 53 .ol TL b st Sl La 2l 5l ag
e TL gl o Cu sl e 50 ey
Lol s e oskiie s S e sddan L
Q;L&:‘Aﬁsuﬂjjé_m.é}ﬁ}_s;ﬂ Al g ool e
S a2l S e L A el s sl
sarin ;a3 TL pove s a6 s a0l

A

——P1
18 P2
——P3

+10

0.001 0.01 0.1 1

Cu Concentration (mol%)
YV C P VY- °C sloald o Ol s loges oY) S
soie Cu albl lade s L (P3) YL sles 48 4 (P2)
ol oy Gpo o) 0 e daslie sl YV C Al @ bgy e

el 0oys Jse VIO 5+ 1Y i jas P s Mg a5l oo e

Mg 2=l 55 ol luie L LIF:Mg,Cu,P Jl s
/e e g oy s Y/0 5 0/Y 3 e P
Cu U 5l dss Jge 0/0 5 0/) 0/00 r/0) v/000
C PV "C lads Cus Sl s o S Lo
Sk e edys (V) IS s P3) YL gbs a5 5 (P2) YA
2 G B e al U (JSE pl w A L
(et Hsba Jg ol e atle a3 IS ol

slas ds 5 sl Syl LYy C as Cu jlaas ol 33l L

YV °C las lesleul ¢ imgsy ol 53 odd oLl d—ib‘;
Al als Cor sl o B sladisal (gl g cards Yo ol
L s sl ped gl o sl adis Y YL gles
Vo Sdea Ve TC s aske S Oles 5 ol L ol Jlasl
Ladisad ol 55 oS ol VL Loy A8 | 5 cconl IS aads

Sols

250

04 b

150 +

100

TL response (a.u)

40 4

50 100 150 200 250

Temperature (C)
;o LIF:Mg,Cu,P sosazslo ey ;0 TL jloges (V) S
@) "VCs dor 3l oolital L LIS s + /) Gy 095 5
Vo Sowedy Y- °C ol jandy 4i 8o Yo Sowas YV °C o oole 5

aa8s )+

e YE- °C o NPy (b) .aids

LiF:Mg,Cu,P su_salo a3 TL lssas (V) IS5
)auaauﬁpyﬁdudﬁgbﬁféﬂadaom B
o oty 423y Yo deas Yo TC 5 aads V0 Sdeas Yi0 °C
o el IS8 ) cd dids Ve sden YE °C
adl cms e 0L 1 YV °C las .88 L YL Les
o=l dlesl ps x5 Conles 58 e sdalie &S sboles
el 4Bl nalS Les
0345 85l 5l LSS oslal aedie s &S sboles
a5 3,50 LIF:Mg,Cu,P Jls S (g5, 2 8 ol



O Gbbf Sl gas s @G 36 w5 LIFIME,Cu,P CbL 8 2ejs el

¥ 5 les o Jof >

¥4
0.2 4
)
gm.{{.{;{{il{
0 T T T T v
0 2 4 6 8 10 12

Number of cycles

SISl ey 6l a5 (0SS s 5ed :(F) S

LiF:Mg,Cu,P

10000

S000

3000

Synthesized
LiF:Mg,Cu,P

7000

6000

5000

4000

TL response {(a.u)

3000

2000
1000

0

350 370 380 410 430 450 470 480 510 530 550
Temperature (K)

6ol Bigod b oniidiiles Ligei TL s gas duylie 1(8) S
LS L2l 0 Gy Jby S 55 8 (GR-200) LiF,Mg,Cu,P

oo 25g8

Al nd UL S i 355 00 i3 o 4 S0l

A a5 GBS e S0 SR e et
GR-) LiF,Mg,Cu,P (s ,las & pad 4 s ey (Ol
03 edda SIS Wy Coms ss0lis Ll ol .l (200
el Bl S o Sl e Dol ey ) Sl
& Oy Slis gar 2 KL GR-200 L sdas L
A b a8 el GBI glos 3 DLl Sk s Olse ke Lacs]
O 3l u‘<:‘—““ Ul S e slads (sles 4 (sl Sl
Sl ghils saialo LIFEME,CuP s Lol i

Ll LIF:ME,CP (5 low & 505 L alie

TL response (a.u)

L K15 e Dkl e alge ol EalS L VL
LS LS YL Les A3 wus ials 53 Cu Ll ot
sl il sl 3l edbolssl o dor (F) K2
e S @l ol i i sdalie gl |y s

Ao e ol LiF:Mg,Cu,P L S

80 I
—— 0.1 mol% Cu gt

1 - 0002 mol%Cu
------- 0.05 mol% Cu

60 1

50 10 & 20 2% 300
Temperature ('C)

5l alate Hlade ¥ L LIF:ME,Cu,P Gl 5 lsges «(¥) JSi
e VIO 5+ IV ,o i) Py Mg ol piolie 5 s (call5l
Gy L 2557 5 5480 )+ Soweay YE+ "C o ook 5 (a0

o alool LS als +/)

ol LIFEMECuP cxle bS5 055l @l

BERPRNEJPES P VY OV ST S 0 RO PR RN B
S8 s b a3 ol LS aal wlie Ll 2
Ol cotlo &0 Ve o gl ) GG uly s o(8)
il faris Ble S s o lamglis OLL 3 sl
(GR-200) LiF,Mg,Cu,P (g s & 403 L ¢ iass opl 5o
53 o)k b TL e (0) S5 53 .38l

.k:,u-‘ ol o Q\J L)l.jAS Lntff ij;fL; 0 (:})7 LﬁJﬁ Jiﬁj,fﬁ DL t) gjL:..ﬁi‘)E;



¥ 5 ke o Jof Al

&l 0 o g 8 gunl) s ( Solo lus] ¥

osba o ool sddast ez gs IS conles s Sl
sl Bl LYy Cals Cu jlaas il b ascin
Ol ptd ol Lsd o axrlse Odd 2l L YL (gles 43
YU Ly A wus Jals 3 Cu el i 28 Wlg e
Jiws S LIF:Mg,Cu,P (¢l & sad aline a8 OLLS 1

5 ke 5 (83,5 (S e o el gl 50 edd e

el cnlos Sl (ol Db 33 C’“‘”

[1] Nakajima, T. Murayama, T. Koyano, A.
Development of a new highly sensitive LiF
thermoluminescence dosimeter and its
applications. Nucl. Instrum. Methods. 1978, 157,
155-162.

[2] Bos. A.J.J, Meijvogel. K, Haas., J.T.M, Bilski. P,
Olko. P. Thermoluminescence Properties of
LiF(Mg,Cu,P) with Different Cu Concentrations.
Radiat. Prot. Dosim. 1996, 65, 199-202.

[3] Shoushan. W. The Dependence of
Thermoluminescence Response and Glow Curve
Structure of LiF(Mg,CU,P) TL Materials on
Mg,Cu,P Dopants Concentration. Radiat. Prot.
Dosim. 1988, 25, 133-136.

[4] Piters. T.M, Bos. A.J.J. Influence of the Cooling
Rate on  Repeatability of LiF:Mg,Cu,P
Thermoluminescent Chips. Radiat. Prot. Dosim.
1990, 33, 91-94.

[5] Horowitz. A, Horowitz. Y.S. Optimisation of
LiF:Cu,Mg,P for Radiation Protection Dosimetry.
Radiat. Prot. Dosim. 1990, 33, 267-270.

[6] Sun. F, Jiao. L, Wu. J, Yang. Z, Yang. S, Dai. G.
X Ray Diffraction and ESR Studies on
LiF:Mg,Cu,P Phosphor. Radiat. Prot. Dosim.
1994, 51, 182-189.

[7] Bilski. P, Budzanowski. M, Olko. P. A Systematic
Evaluation of The Dependence of Glow Curve
Structure on the Concentration of Dopants in
LiF:Mg,Cu,P. Radiat. Prot. Dosim. 1996, 65, 195-
198.

S e

s b e S 5 SIS LsSL Gasn gl 2
[ P W e I A P P PN WPt (A el
LiF:Mg,Cu,P (s v & sed b eddatle eu3s 55 A0l
sddatle Jlws S JUL S ove .d awslis (GR-200)

Lo ol 5l 5 25 ()l Bga b lie o3k a U

8-| .0

[8] Bilski. P, Budzanowski. M, Olko. P. Dependence
of LiF:Mg,Cu,P (MCP-N) Glow-Curve Structure
on Dopant Composition and Thermal Treatmen.
Radiat. Prot. Dosim. 1997, 69, 187-198.

[9] Lee. J.I, Lee, Kim. DJL, Chang. S.Y.
Thermoluminescence emission spectra for the
LiF:Mg,Cu,Na,Si thermoluminescent materials
with various concentrations of the dopants (3-D
measurement). Radiat. Prot. Dosim. 2006, 119,
293-299.

[10] Lee. J.I, Kim. J.L, Pradhan. A.S, Kim. B.H,
Chung. K.S, Choe. H.S. Role of dopants in LiF
TLD materials. Radiat. Meas. 2008, 43, 303-308.

[11] Chernov. V, mironenko. S, rogalev. B, Bos. A.J.J,
Haas. J.T.M.D. Delgado. A. Optical and
thermoluminescence  properties of  LiF:Cu,
LiF:Mg,Cu and LiF:Mg,Cu,P single crystals.
Radiat. Meas. 1998, 29, 365-372.

[12] Bhatt. B.C, Shinde. S.S, Bhatt. R.C. Comparative
Dosimetric Studies of Three LiF TL Phosphors
Radiat. Prot. Dosim. 1989, 27, 21-27.

[13] Furetta. C, Mendozzi. V, Sanipoli. C, Scacco. A,
Leroy. C, Marullo. F, Roy. P.
Thermoluminescence of LiF:Cu’" in radiation
dosimetry. J. Phys. D. Appl. Phys. 1995, 28, 1488-
1498.

[14] Ribeiro. D.R.S, Souza. D.N, Maia. A.F, Baldochi.
S.L, Caldas, L.V.E. Applicability of pure LiF in
dosimetry. Radiat. Meas. 2008, 43, 1132 — 1134.



