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ABSTRACT

Single crystals of thermoluminescence lithium fluoride dosimeter (LiF TLD) with copper
(0.05 mol%), magnesium (0.2 mol%) and phesphorus (0.1~0.5mol%) as activators were produc-
ed for 4. purpose of eliminating the self-absorption of thermoluminescent light. TLD elements
of the size 4X4X2mm?® were cut from the single crystal produced. Among the activators
phosphorus was reported to be the most effective for the thermoluminescence. For single crystal
formation the threshold of the doping amount was observed even in the chemical form of Li;PO,.
Results obtained are that the optimum amount of phosphorus activator is 0.5mol% and the
optimum bottom angle of the graphite crucible for single crystal formation is nearly 60°.

For practical use production of large volume single crystal (60 mme¢ X 90 mm) was examined.
Two single crystals were successfully produced and 474 usable TLD chips were obtained from
the both crystals. This suggests that the single crystal LiF TLD may replace the TLD’s cur-
rently used.
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BTEBEDT, BERLIGEUTEDYA RERDB &
WTE3, ¥5ic, LiF OBERIIHEENIZEAL
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Fig. 1 Dimensions of flat bottom crucible
and tapered bottom crucible
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Table 1 Influence of phosphorus content on TL intensity

Mole percent of P
Relative TL intensity?

0.10 0.15 0.20 0.25
259 499 310 976

tIntensities of single crystal TLD were normalized

to that of 200mg TLD.

Photo. 1 LiF single crystal
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(1) PELEFEXER

MR HOERFITH S Mg & 0.2mol%, Cu %
0.05mol% &—sEiz LT, P#0.10, 0.15, 0.20,
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Fig. 2 Dimension of single crystal cross section
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AR D EBb b,

(2) Mg E&FLE

yigkEho EkH TH B P &2 0.25mol%, Cu %
0.05mol% &jfEAE—EIic L'C Mg DILEEZ0.05,
0.1, 0.2, 0.3, 0.5, 1.0mol% &Z(LLTHRfELT:
FFiC, A—HRED v RBHZTIE - LEADORLR
% Fig. 4 (@) TR, Mg OJEEH0.1, 0.2mol%
DOFEFRFHEEBOKRENT EDSDD -7,

P ZEined, Cu % 0.05mol% &E—EIC
L, Mg o#pE7#1.0, 3.0, 5.0mol% 24k LTH
YELIHEFIc 20 TOFEE% Fig. 4 (D) TR,
Mg o&#3.0, 5.0mol% RN L7 b Did kR L
FE%E Lo 1.0mol% iRmUTHEIELARTFIZ, H
WSS NTERRLSOMNTE, A~EDLHAT—
BT FOERZR Lico £ LT P, Cu, Mg OJEEENZ
n=h0.25, 0.05, 0.1~0.2mol% DFEFITIE
(Fig. 4 @) &Rl ThbDT &I, RA—OHES
B, &% L DE—IE RO EIRERT- 2
DT CEMTEELEERRTEDT, 51K
hTHbo £/, PLUAOTEEFIDRAICK > THEK
Bom s cE s,
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Fig. 8 Influence of TLD cutting positions and activator chemical forms on TL
intensities (Activator: Mg 0.2 mol%, Cu 0.05 mol%, P0.25 & 0.5mol%; flat
bottom crucible, bottom angle 120°) :
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CUTTING POSITION CUITING POSITION
(a) Activator: P 0.25mol%, Cu 0.05mol%, (b) Activator: Mg 1.0~5.0mol %, Cu 0.05mol %;
Mg 0.05~1.0mol%; tapered bottom crucible, tapered bottom crucible, bottom angle 60°

bottom angle 60°
Fig. 4 (a), (b) Influence of TLD cutting positions and Mg amount on TL intensities
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HF P B8 0.25mol% T, 60°, 90°, 120°icDNT
HELTRZE, 60° 3R BELALEET,
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b)) T EBERBRICRET IS LNV, %
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%5 e bbb OHAII60°~0°, BEE 5mm, 54
BRENRETH -7z FHETRELLAMANR, -
12)o XERRMOEERZ SIABROELTNBEY, 20
RAMIEEREIRMA S0, :

® B3OROBREZTFORXE

Wi, BDOIEDEHAD BEHNICEE BFORLE
T, BRSNCEERORY M LEMNE A, B, C, D,
E o5 Bigicyry Fig 2), EE#IO PED0.25
0.5, 0.7mol% R K->V THEL LELL
(Fig. 5 @)~(C)), {EHEHFI P o0& 0.5mol% iz
TR2&E, OB UBMORRE E—2 I BIciS
(Fig. 5 (@) Thid, EHEAISEEREERICR
MEizo, V—=v/RETRU LY ShTREISR
FHESE DN, hRfEEE 3 LEEAE0RD
2770, BERASRES L > THREXEEL,
NICE ZEHERIRSBEL 12D, FBLEIRDT 2720
ThHaBEEZLNS, 0.5mol% TIIFELEIL60° D
DONBERTH -7, EHEFIODO P OEH0.25, 0.7
mol% DHD b FRKBHESFMENS L BEbh3 s,
0.25mol% @ & DIFEWFID P OBEBLEICDITN
b, FEED 0.5mol% Db LA (Fig. 5
)6 7z, P OEM 0.7m0l% ORFIITFELERIRHS

Table 2 Shape of crucible and transparency of single crystal produced

Shape of crucible P (mol %) Bottom angle Transparency
60° Not crystallized
0.25 90° Transparent up to C¥ |
Flat bottom™* 120° Transparent up to E¥
0.50 120° Transparent up to B¥
60° Transparent up to C*
0.25 90° Transparent up to C¥
120° : Transparent up to B¥
30° Transparent up to E*
60° Transparent up to C¥
T .50
apered bottom 0.5 90° " Transparent up to B¥
' 120° Transparent up to B¥
30° Transparent up to C¥
0.70 60° Transparent up to C¥

90° Transparent up to B¥

* of. Fig. 2, ** of. Fig.1
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T8 -720

B B B &

RERE L BHEL O BRI 2.58X1078~3.87X
107*C/kg(0.01~1.5R) DOHiFH CEAREER Ui,

6) Tz—Fq4vy

A~ TLD £Fic 2.58%107*C/kg(1R) B LT,
JEEE Smin~20 B, 6~10[EY) —& — T -
1e8% WITN D ABLURDOEEITH - 700
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(b} Activator: Mg 0.25mol9, Cu 0.05mol%,
P 0.25mol%
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CUTTING POSITION
(¢} Activator: Mg 0.25mol%, Cu 0.05mol%,
P 0.70mol%
Fig. 5 (a)~(c) Influence of TLD cutting position
and inner bottom angle of crucible
on TL intensities
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LiF BiER TLD o tofcdicid, H—isik
BEORFEELOMTHRENDD, BEOKHL
BRI NTV S, 22T, 4EIIRERED 60mm, &
X 90mm OEFEEE2[EHEL, ZhEDWHHL
T RF ORI

1. HiEERRTFONME

LiF $33K 0.4kg lciEMHIE LT Mg, Cu, P (%
heh MgCl, CuCl, LiPO, TEI Z2heh
0.20, 0.05, 0.5mol% &0.5, 0.10, 0.25mol% %—
BiIcBAL, BE% 60mm, £X 100mm OBRHZDIE
AN TEZED (~1072Pa) T0CIMEL, BE

&= 570 —

M~
N~
()
1)
Unit mm
Large
single crystal TL-702
570
o
o
0
©
Large LiF

single crystal

TL-703

AWRERFIRRER

XHico B0 TG LA L —%—7%0.5
mm/h OFEX TR I B E, BRI LiF 3T
PoREBICHERILLTHL
Fig. 6 (2), (b) @1 EmE GEEES LT-702,

EER Mg, Cu, P 2321 £410.20, 0.05, 0.5mol%)
L oEE (BEES LT-703, EHEX Mg, Cu, P
BEHNZFN0.5, 0.1, 0.25mol%) icBfE UcBifER
Ot s, TLD FICE) D ER - 7 fIE O EER S .
O BETIR ThEh 176/ & 208EDRTFHE SN
Tro EFOKREZIT 4X4X2mm® TH B,

2. TLDY—4—

LiF 248 TLD HTk L UHBHEICHER L
HARSHAW # LiF TL-100 EF0# NIt v kY
A DHAIEICER Ule ) —4 —13 HARSHAW #1Model

Unit mm

Fig. 6 (a), (b) Dimension of large single crystal cross section (TL-702 and TL-703)
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Fig. 7 Relation between TL intensities and TLD cutting positions
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1 13
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Fig. 8 Relation between TL intensities and exposures

2000 TH -7z, Ftz, RU L BRI ER Ui BinL, #ic PEAS0.5mol% Dbl FEDOETH
TEHEH CaS0,(UD-2008), BeO(UD-170A, 170L) THORTD 258 H 5, —F, 0.25mol% DE4

DEFRT ORIE W TEEH UD-502B 26/ Lico 3L, THROERNSV., SERD/NT Y FD£10
: BUNDRFL, FIHEX200[@ETH 550, %2300
3. HERUNMONELRENLE e B100EREE TH - 720 ’

Fig. 7 o8 TLD Oyl LiofE EREED
BE P& 0.5mol% & 0.25mol% iconT) %R 4. FBEHRBEFNLBEOBG

To WTFNDESED LTI FERNLEREBMIC BfE LT3 1.29%X107°~3.87%1074C/kg(0.05
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~1.5R) O#FET RIFTERESRD bl (Fig.
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5. B &

©Co MEA LY, 1.29%1075C/kg(50mR) 4 @4t
LT b RLEE 55 W5 Qe E10EER D E Uick
B, £ 4%D5 Y FOMANT—EL, FHREHE
P o =R g ’

6. IREHRERTOER

“Co FFT 2.58%10~'C/kg(IR) M LIBAHD
Ny FH32 BYHRDOREBESERP LWV -5
F LT-702 6@, LT-703 7 (ZhoDRFICE
Mg 0.5mol%, Cu 0.05mol% DiEh, PEMNZENE
0.25, 0.5mol% ¥RiN) %2, ABRFEEPTHS
fi: RI FREOREBEOEI ZEFH I ~VEEE
LT TLD %%BE UL, COEMECIIEEERG Sem
DO —RITHD T Co, ¥Cs O 100MBq (3%
mCi) OHHRIE & BB OIEEIIRFEZ I LT
W3, T, HEHIEDY, RO HARSHAW %1
LiF : Mg : Ti n#RBETF (TL-100) BXUCHRTE
24 CaSO4 : Tm(UD-200S), BeO(UD-1704, 170L)
HFERACEFICB W, FE UK 1,176h T
%%, Table 3 ICHIERRERT

LT-702 I3 & DRT-OMER (uGy/h) 17, H¥dh
5 —FERICB N °Co hEBEINS 7 CRE
LTRdco V) —F —DHEXMEL —u v D pGy/h
~OHEL, PCor BT AL F—LZORBE%ETL
7B X 0 B SN SRR ZE A — < ERER0.306
ZRWTHE L, #feL) LiF BiER TLD %
FOMEBTRD TLD RFB L OCBHERRN Y —S1 4

ERASET TR
— 2 DEEHAN, —EHERNTNBURTE 7o

7. & =

(1) KA BERO SR IGH AT ERSEY L
720 BHTIR, HRT LiF 0EsrKREDEAEER
OHEFEREZEAELTEY, BRTHGZETITNE
R OARITIZBI B R Ss 0.5mm/h OB @M
TEWEL TR, LicdiaT, Fitieatr4EoD
B4E&1, LiF o4 X b FTESHIC AR UlcEds
B oteh, 200fHFIERD BT E+AWOHT T L
Tz, ¥HOEBRETIE, RINU RS TED
V==Y P EBREERNEDIS 75D, Bk
FEEE 2mm/h i LT B, BERAR OIS
PHIBBOEMBEE LD, RAEEKREECES
i©d 2mm/h OB & EFHEENSZETHERE D
REZBRILTOEV, B, RINT 5 M0 HE
L8, Bl LOHE, 320 20RIRD/NF v X 3D
THLY, LDEROBRD SREREBRHSH
3TH59,

RINT 3 /MO BEE LURICOVTS, R
Cu, Mg, Ti, Si, B, PREEEL DRANINT
W3, mEL® Cu, Mg, P scERELSh
TWBED® zpigs, Cu, Mg OiFhic P &
TR LR BBIRESETE 2 &5
b, BERRHTH %0

LUbNOMEZERIEERHECRBERZRL
BN Yy V= VERRALTOS, OB, 5
DEFEOIRMBBER/ITHR D EET I Eabd
D, B7EOS T 60° DESENHIENRITFTH
o EBAMSNE, UL, RARKLEEAD
ZNER LSBT ZNE H M ERD THREEET

Table 3 Comparison of dose rates among TLD’s »

Dose rate (#Gy/h) .

Setting Distance LiF LiF CaSO BeO

position fi‘g;r:_ single crystal ribbon powder ~ powder Ion .
L7702 LT703 TL-100  UD-200S UD-170L UD-170a °hamber

50 45 3.8 3.4 4.2 4.4 3.8 5.3 3.0

1 100 6.7 5.8 5.3 5.9 6.2 5.2 7.3 4.0

150 5.9 6.6 - 6.5 5.4 5.0 7.0 5.0

T 20 3.8 2.8 2.9 2.9 2.9 2.1 3.5 3.0

i 00 85 17 6.9 7.9 8.4 8.0 10.2 7.3

I\ 100 1.8 1.9 1.8 1.7 1.8 1.3 2.0 1.0

v 150 - 0.6 0.6 0.6 0.6 0.1 0.7 0.7
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31255,

(2) HARSHAW ) —4 — D3k Ok 5 X 5mm®
THHDT, BERO EEESZNCAET 4X4
xemm® T Uiz BRADEREZ S SDLRESL
T FOREGOBULBERREEZDEELSICT
hid, BES TNTNALEIES CENTEED
T, ZORDEBIICHEP TS 2,

BoOR&EXiHELEL, FMEETH 20T, F
BRRERE UT, I$RIICidfREsko CaS0, TLD i
R TERLINBERELEZ B,

FRFEEITHICED, T LOCHE RS - /clis:
REFEF IR OB ARSI B K ORI O Sl
2l - I Z B R TR FRIFENOMBEES

8) mESo® LiF TLD ek AREMTHER Mg 0.1 BICEHNIZUET,
mol%, Cu 0.05mol%, P 2.3mol% THERESE
TWBDTY®, babhid %, 15mg OKLIEF 2 EF X W

T Mg, Cu 2&#h%h0.1, 0.05mol%, PiZ 0.1
~2.3mol% AMET TLD AEDREELTE,
P 2.3mol% THEEORNIEEISELN S EZHED
Wiz, LiF ¥k TLD 3fE L LiF £ Mg, Cu
% FEROEZ00°C I U T gk Lic b o 2
Ly Av¥aTshB0bE, #52&iCHALTH
'ﬂzbﬁ:o

2T T, B#E& TLD 2 Mg, Cu R ERL
<0.1, 0.05mol%, Pix 0.1~2.3mol & T5 &
- OEERR AT, P 0.25mol% R TLD <P
2.3mol% DK TLD LIFIZFEUREEEE,
UL, PEenPlEANS &, BEERISHMRL
oo WINP ObEHE NHLPO, 25 LisPO, IT
EZ5AL 0.56mol% FTCHERICTICENTE
7o .
DhbNIIEER TLD SBEKH 303k TLD
EEBEO ERIEERTOE M > 7208, ¥igR TLD
BRE%E 3 MTEMICEEKRY HEEDT, BEX
CDREFEBRENC ERBEATHD, FBEIC
L, TOGEBEERES UTRESEMNT 22 &8
T&3, Nal(T) %0 ripthiBiiz DBfER%E
Houa0EFEUEET LIF TLD ks kb
HROFNEFTHBCERBALHLTHA,

RARNICEZIUT, LiF BfEE TLD (34EASE
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