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Thermoluminescence Dosimetry Ist Report: Fundamental Research

By

Yoshimasa Tanaka, Yasumasa Kuroda and Masaji Takahashi
Department of Radiology, Tenri Hospital, Tenri.

Radiation dosimeters utilizing the thermoluminescent properties of lithium fluoride phosphor (LiF
phosphor), calcium fluoride (CaF,: Mn) and lithium borate (Liy B, O;: Mn) have been developed. Dose
response curve, the response to radiation of different energies, fading of response and directional dependence
were examined and compared each three dosimeters. Experimental results were as follows:

1) Inroutine use we have been able to reach accuracies of 3% standard deviation in LiF micro-rod,
2% in LiF teflon disc, 3% in CaF,: Mn and 4% Li, B, O,: Mn.

2) Three dosimeters can be reused many times following simple reprocessing procedures.

3) The linearity of the response curve varies with dosimeters, method of reprocessing and radiation
quality. Calcium fluoride showed best linearity in the range of 50 to 1,000 R. A slight increase of res-
ponse per Rad for doses above 50 Rads were found in lithium fluoride and lithium borate.

4) Three dosimeters showed energy independence and constancy above 0.2 Mev energy. In low
energy range, lithium borate is less energy dependent than lithium fluoride and calcium fluoride and the
highest response was found in calcium fluoride.

5) Lithium fluoride showed directional independence in a range of 4+ 59.

6) Fading of response was 7%, in lithium fluoride, 1-—29, in lithium borate and 109 in calcium fluo-
ride 7 days after irradiation when the response of 2 days after irradiation was regarded as 1.

7)  Glow curves of 3 dosimeters under several conditions were examined. Pre-irradiation annealing
was found to have a defintie effect upon the thermoluminescent glow curve of LiF.
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LiF(Lithium Fluoride Phosphor) &>f1% The-
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E=RNF L ORZRIT 5 L TRl
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Fluoride), Li,B,O;: Mn (Manganese activated
Lithium Borate) CaCOjy (Calcite), CaSO, %755
kk x i RE oD E L TEASRTY
% . WOHHRRE OB O A FNEREIET, kK
GHp M= s & solide state & E A L3R
THICE=F A F IR To, HEAKFEOI VD
DONRPER TR,
£alfk ~ 1% Con Rad Ml#hL 3 & v = v A
a2 AT Licd 0w LiF Phosphor, CaFy: Mn,
Li;B,O; : Mn g iata v R, #E
BRAFHE, PSR T OV MR A 55 oD ZE R BT E
Aipoic. R ShIRETT 2T DRICAET S
Jeii  LIREE & DBIfRE T h# % Glow Cur-
vel 5, ZIMMREETCH R IR B O R A
5 RS TR THD . Rridkr ofEihc
DTz R %, Annealing 1ZhizoT T B
Glow Curve OZF{b& <, HEHhiz2>TD
B4 Annealing o\ THiRETE A 7.
2, XH=ZXLICHT
AN = AL L TR ERLREETHMH2T WS
WH—IEROWL F X HBR TV 5P, FiHC
~T & Figo 1 offi st ol 3 2o =F
F-YefrE#E2 5. Fig.1 (a) XRGHTORE
TH2T, T_THOET X, bo&dEVELM
(Ground State) {2 % . Z®#MEH3 5 &, Tig.

Fig. 1 Schematic diagram of mechanisms invol-
ved in thermoluminescent dosimeter,
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Ground State |24, &' % .

ZOFfF Fig. 1 () RTI Zo=F ¥ —
DERGOHTZHINT 5 . RHRCIRE 2T
BETRTOETFIXFig 1 (2) KRTHICS &
DRI b & % fedicfimigt & UTE S {36 a7
BETH B . 3 AT 5kL, Metastable State
T trap ST OEMBHECIGT S .

Metastable State - Unstable State » @[] =
FF —HERLAIEFIN S W L FRCNET 52
WZEEC BT Ground State (=3, K> T L& 5
TTHB. e hE h RETE TR LY A
b AL i i 7 6 i LIUEREE T H
%. LiF SEREIR T35SO TXT 200°C
~ 300°CTHFERET B L DTHOTTERAE
DI TES.

i L eFohm L OffEE RL o @ » Glow
Curve THBM, 2% RHE 1 IW L =0
Glow Peak#: 45 L Tis b i\ REETHeH: 3 % Peak
IZEF O trap T =R AF -k E b
¢ Schulman®?® |z 1 % & “trap depth” pi k¢
BAHE NS ERHES.

3. IREEHEBUZDAIES:

(1) #icitofH (Table1, Fig.2)

i Ufcitigt & LTk LiF, CaFy : Mn, U8
Li;B,O; : Mn Chh, kaDBREEKRE = %
Table |, Fig.21/x L7z, Tablel @4 Didd2
T Teflon Dosimeter TAo-Cf]zi¥ LiF Tt
0.07mn X H /& LiF ofdko b ox Po-
lytetrafluorethylene B UHHEMT Licd O TH
% . zo LiF Disc orho LiF of3i25%,
Micro Rod Ti3fy8 % Ths. “ofll LiF o
BARIEMLE DA (Fig.2) ZoBRAT ORI

Table. 1. Thermoluminescent Desimeters

Types of -
Dz:s].ji meters Shape ‘ Size
Teflon 1mn Diameter X
|Lithium Fluoride Micro-Rods | 6mn Long
CLE) Teflon 13mm Diameter X

Discs 0.4mm Thick
6o Diameter X

Calecium Fluori- | Teflon
de (CaF, : Mn) | Discs 0.4mm thick

Lithium Borate | Teflon lmm Diameter X
(Li,B,O; : Mn) | Micro-Rods | 6mn Long
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Fig. 2 Thermoluminescent Dosimeters

Thermoluminescent  Dosimeters

o 554
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Fig. 3 Model 5100A Readout Instrument of
Con-Rad Thermoluminescence Dosimetry (ex-
terior view)

Fig. 4 Model 5100A Readout Instrument of
Con-Rad Thermolumidescence Dosimetry (Top
view)

Ain Capsules & Fig. 6 I 5LTh b .
(2) HpEHES: (Readout Instrument)
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Fig. 5 Block diagram of thermoluminescent do-
simeter reader
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Fig. 6 Instrument accessories
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5. 2O Block Diagramm % Fig.5ZR73. #
FEFRTERIE C TR B ic3Z 10 L (Heating
Element) (Fig.6) =ff\ T MEEMIT FFAT
% . JUEOBEEE Hh R Z OBRo B A1
WEThsd. - OfEEeE bR DRENEYHEH
1% Fig. 6 1% Tempilstik % Heating Element
KBS TZO LT HEETHELY 5.

LiF 0¥k # A3 sz Ro s (Pho-
sphor Dispenser Vibrator) % B\ I {FEF|C£10
ZUROBRETHREMEY DS, (Fig.7).

4. EBRAHZE
(1) RERIEC Se3r o € %8 O a) heater
-current b) light sensitivity o 2 oD ET % ik
FTAHZENRUTHS.

a) heater current 3l

2R O R T A e B B IR PR T
5hTH BB IRREORBEN B Hh 51k
KRELLThE by, ZIidy10A0[ L
HEE e (Z o84 LiF Teflon Micro-Rods %
{5/ L50R.JBETT) [RARE% MRS L Cf 4 o hea-
ter current M L TO L LFiHNS E Fig. 8o

Fig. 8 1st Reading and 2nd Reading versus He-

ater Current for LiF exposed 50R. Co-60.

Setting  heater current
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2 400
2 300 /’
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) Heater  Current
2nd Reoding
L 1
'\L A
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Heaer current AC Amp

‘Ist Reading @< /x5 . heater current D{EL>
R ERT XA Bledic 2 BNEFIEOhT
LBPETH, BieEdd, XaE—ErKD
Plateau 1237 % . ZLI Fiz heater current % ¥
“TERER L D ABEERREL TIRAENHELT
<%.

RICF CAREETT 2 @ H D X &% F 4 D heater
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currentD &, & Cf7 5 & T H — 7 (2nd Reading)
o feBb. kX vixd @ L7 heater current
1L 1st Reading -7 Plateau %/ LioiHiCcLHh
3, 2nd Reading TH{ED X & RmTHy Evz
5.

b) light sensitivity ¢ Ffjik

ZILEBHEE T DhcBEC X Y RES
# 5 A% Light Source A,B(Fig.6) # 5. Hf
BEEAMOME TR S hcRETT O XL 2% 2 CF
Lty PTHZ ENIES.

@ Light Source A,B (3 £ 2 LI @ 3
TWOLFAUERYRETHHRCELRTED 1
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kA —EICBIE T B RAc B < Light Source¢
R O X IR AR T kv, Fig 4o
BIGES O Bl 2R 323, WEEOTHEIIR O L
-C, heater current ®FFEITFOFEHEITIT S .

2) Annealing {20\

ZHOFRBINIBER L5 50320 BRIUL f#
FARNE Annealing Uigibhils bigyvs, IELW
Annealing O¥E{EIZ X >T% & @ background 2
BECHEHEFERALS 5.

Annealing (2% Fig. 7127447 Oven %
B35 &{EF|TH 5. LiF © Annealing [tk D
MAT5 . EFHhEBERE 7wy, 7=
—LTHERBILL, OBKTE@TWT LGRS
BHSABRIIT NI =D L, 73400 ILE
& 300°CiC L7z Oven 154y AL B . ¥ 1280°C
2 T < .

LA ED#EfFR o b FICT S & & pkb)c
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REOHEYRTZ EXHEIR T B,

Marrone, Attix¥® I % rEHEEIEST (104R L
£) Lic#ifr, Annealing % LT $ kA ICHREED
FEEToLERLT S, 2504 OWLRE
FHOWETHEBERLESY, FILvbok
BAELBRWIRCER T RETHS.

CaF, : Mn ¢ Annealing}d 300°C 2 ] (80°C
BARE) AhwvivbhTns.
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ORI H 5 (Fig.4) Test Jack sz X, Y
Recorder % L-C, Recorder mYfE# 241
LTl X v,

() Mahcix ®Co v #kE L LR, #l
B35 EHESEE & LT 1k Siemens Universal
Dosimeter % F\ -,

5. EERIER

3 D OE-DOIHE OFRETT R AV THE R,
BB, TR, DRES R A P R
Lic. %& 4« O O RERZEIT10~ 1,000R
DR TE 5 BT Thotk.

(1) AR

IR — B ER PRI B B SR &
L T10~ 1,000R OffifHi% O 3 o DR EF D
ERRMER T, Fig. 9 icFL5{n< CakF, : Mn 23

Fig. 9 Comparison of response curves of three

dosimeters

Comparison of response curves
of 3 dosimeters
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Thermeluminescence
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Dose

b EfR AR LiF, Li,B,O; : M3 400R
L D h—7HEHCHE, 1 RHNH ORespo-
nse HREB.
WiC LiF % Tz ofikc “Co v #,

6.0MeV X (Linac) F0¢ 250kVp X (H.V.L.
2.2mmCu) T F 2 OEEMERFF < Fig.10 ©
InEFERA B, 250kVp X iavEd EEMY
ML= AF—REELECONTIR B H O

HAREZH M SHE #28% $5%

Fig. 10 Comparison of response curves of LiF
teflon dosimeters at three radiation energies.

COMPARISON OF RESFONSE CURVES
OF LIF TEFLON DOSIMETERS AT THREE
1408 RADIATION ENERGIES

1200

CC' 60 I -RAYS é

1000 6 MaV  LINAC

800 /

/ 250 Kvp X-RAYS
/ (HVL 22 mmCu}
600 /’

Iy

/

100 200 400 600 800
DOSE

THERMOLUMINESCENCE

1000 [R]

Fig. 11 Comparison of response curves of va-
rious dosimeters to radiations to different en-
ergies.

Response of worious Dosimeters to Radiations:
to different  Energles

~CaFe:Mn
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120 LiF
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2 ——— ? S I T—
5 90 Li2BOrMn

oo B
Response ik ticd .

(2) et

2« ofgdkihic o\ T30KeV ~18MeV fE D i
A2 D= R F — T 5 relative Response:
FRDI. =R AF — 1T effective energy
EUTHAMRE L b BB L. Fig.llic 3200 3
WEHEOWTCH=FAF -1+ 5 1 RBH D
Response % ®Co v % 1 & LTH b LTL
%5, Fig Al RAM< 0.2MeV Ll ECik 320
REFTHERRA &= 3 A F —KIEH: 2370 W V9 (R
=3 AF =k CaFy: Mn p3Ed =% — &
IR CE=FAF - RIBIR D = h D

— 30 —



#4348 H25H

Responsepik & 7% . LiF 3= o F — okt
TRPHK &7 Response %7431 (30K VT+30
2%) LipB,Op: Mn piffedy =& & —{REEMED 4>
< (BOKVT—10%) ZOHAXEE[EY » 4
{75 . ZIi% Schulman® OfF & X < —FH{ LT
5.

3 FrffF:

LiF (Teflon Disc) #F\: 0.5em®D7 7 ) 51
MR X2 %©Co v FT0°, 10°, 30°, 90°D
EHE X D BE L AR R
Fig12iwim 3 e h T DX+ 5 LN Th
DEEX DBHL AR K REYE:

(4) WEFE

R4t 2 H# D Response % 1 & LT 32o0E
FHHICRAHE D X 2 OHEFIhER A R~ L.

(Fig.13) it B340< LiF i2fBEfE#131.22

Fig. 12 Directional dependence of thermolumi-
nescent dosimeters

Directional Dependence of
Thermeluminescent Dosimeters
30"

1001
o -——-_____‘_‘:h s

0
] 100 %

Fig. 13 Decay of response with time after irra-
diation. Readings are plotted as percentage
of the 2 day read-out figure.

Decay of response with time aofter irradiation
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THY, THETS ZHEERLT.

LizB,O; : Mn 3 FREHEHIT1.58 T2 BE =
HERETL, 2 HEMEOBWFNIAL 7THECL~
2% ThsH. CaFy:Mn RHj2F xR 2 HE
WEEEE D B R TH HH T HEMEIZI0%3F < IR
FL 3 o0fE O b b CRATH 2. THEL
BIIFINIF DB TH D ENREIhT
WB®, oz Lidkico~s Glow Curvelr X
hEDEDORELFACID = & hHES .

(5) Glow Curve

PR o< Glow Curve ks 5 @i crystal %
BT 3RCAET A H0ME LIRE L OBFREYRT
R TH 22, BED LI, WEDKLET S
] & B3~ % 0T, Glow Curve o il il
TEDRFICEE bR ARMAERL TS,

(a) LiF: = }ud Glow Curve | Fig.141z7R/3
< BHEHICIL 520 Peak 2F LT3

HoD 2.513, X2o& h LTWBH, FOfiixH
i, 2 BETIERETO 1, 2O Peak jt

Fig. 14 Glow curves for LiF at immediately
and 2 days after irradiation,
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Fig. 15 Glow curves for CaF,: Mn at immedi-
ately and 2 days after irradiation.
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Fig. 16 Glow curves Li,B,0O,: Mn at immedi-
ately and 2 days after irradiation.

Glow curves for Li2BaOz*Mn
immedigte aofter irrad.
3|
E
w
&
-4
~'2 days offer Irrad.
i
<, L T . -
D 2 4 3 8 ] 5]

Time (seconds)

Fig. 17 Glow curves showing decay of thermo-
luminescence of LiF held at various tempera-
ture after irradiation.

Glow curves showing decay of TL of LiF

held ot various temperoture after irradiation
no heating
5min af 30—
ofter krad.
2
= I15min of 1S0°C
E : after irrad- o
5 ISmin_of 200°C
j- L i after irrad.
» j S
o 2 4 6 8 [[] 12

Time [ seconds)

HELTWwA., Zimmerman®® T XY Peak (2)
% 105°CT Peak (5)i%, 190°CTHT % E 2T
W5,

(b) CaF,: Mn: = ho Glow Curve ¥ —
0 Peak DA T 2 BERICIMERMOR I 230K
{7e5n (Fig.15).

(¢) Li;B,O;: Mn: BHBEHROHEFICIL2 DD
K&z Peak L LTHbh B (Fig.16) .

Schulman®? = x }11390°, 180°, 220°C® 3
DDPeak L h ig 0T 5B EFR-_TW BB 180°C &
220°CD Peak {I4yBER-3C 12D Peak & LT
BbhshbidTths. KRS Peak NEE TR
HEIHEET B Z e hochoT Fig. i
Rai 2 BEwiz£< Rohicw, BlEX bl

HARESER R S H288% fis5

Fig. 18 Effects of pre-irradiation annealing on
the glow curves of LiF measured 24 hours
after irradation.

Effects of pre-irradiation onnealing on the glow curves
of LiF measured 24 hours after irradiation
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et offidH, Annealing OYRGE, FPEZIC LD
BBz EPHEIRTWBE®. 2EoIEEEMEY
FTREER22oHBEE2ZBREY. §1 13RS5
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1 Rad #H#- b Response D433,

ZHELIOIEETCI v ERLHE 1 OBA X
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1% 0.3R~ 300REILEMHARL, 25 x
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AR EEFILIZUD S EWD T 5.

R ~10mR ORIEMBENE L O F ¥ TIX
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AT 4 LiF % Film badge, Silver activated
phosphate glass, manganese activated Calcium
Fluoride jz H-~<_TIEHIT = 5 2 — (KIEME DV
EIRTu B L Becker? § LiF|310KeV~¥ MeV
ZiTo DT 54T energy independent T3 b
#H U Twh. X Schulman®® 3 Li;B,O, : Mn |1,
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ELTHFRTWBZ ERHEL TV B2 4D
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BRI 0N 7 4 v AP X B AR E W e~ T
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x ®
1) Becker, K.: Health Physics 12 (1966), 955
2) C:irs:iron, J-R.: Progress in Radiology Vol.
2. Symposia and invited Papers of the
Xlth International Congress of Radiology
p. 1784--1790,
3) Cameron, J.R., Daniels, F., Johnson, N., and
Kenney, G.: Science 134 (1961), 333—334.
4) Cameron, J.R. and Kenney, G.: Rad. Res.
19 (1963), 199.
5) Cameron, J.R., Zimmerman, D., Kenney,

G., Buch, R., Bland, R., and Grant, R.:
Health Physics 10 (1964), 25—-29.

545

6) Cameron, J.R., Zimmerman, D., and Kenney,
G.: Rad. Res. 19 (1963), 199.

7) Daniels, F., Boyd, C., and Saunders, D.F.:
Science 117 (1953), 343.

8) Daniels, F., and Riemann, W.P.: The ther-
moluminescent Dosimeter, Final Report,
Chemical Procurement Agency Contract
Number DA 18—108—CML 3069, Project
Number 4--12—80—001, University of Wis-
consin, Feb, 16, (1954),

9) Grant, R.M., and Cameron, J.R.: Inter-
national Conference on Luminescence Dosi-
metry, Palo Alte, California, U.S.A, June
1965,

10) Karzmark, C.J.: Phys. Med, Biol.: 9 (1964),
273—286.

11) Kenney, G., Cameron, J.R., and Zimmerman,

D.: Rev. Scient. Instruments 34 (1963),
769—T771.

12) Malsky, S.J., and Bernard, R.: Radiology
90 (1968), 518—524.

13) Meilin, F., and Cameron, J.R.: Am. J.
Roentgenol. 100 (1957), 863--869.

14) Marrone, M.J., and Attix, F.H.: Health
Physics 10 (1954), 431.

15) Nakajima, T., Hiraoka, T., and Habu, T.:
Health Physics 14 (1968), 266—267.

16) Naylor, G.P.:  Brit. J. Radiol. 40 (1967),
170—176.

17) Randall, J.T., and Wilkins, M.H.F.: Proc.
R. Soc. A184 (1945), 365.

18) Roswit, B., Malsky, S.]J., Reid, C.B., Amato,
C.G., and Maddalone, L.: Progress in
Radiology Vol. 2. Symposia and invited
Papers of the XIth International Congress
of Radiology p. 1763—1771,

19) Roswitt, B., B., Malsky, S.J., and Amato,
C.G.: In Vivo Radiation Dosimetry for
clinical and Experimental Radiotherapy. p.
96-—126.

20) Schulman, J.H., Kirk, R.D., and West, E.J.:
Progress in Radiology Vol. 2. Symposia and
invited Papers of the XIth International
Congress of Radioloy p. 1797—1801,

21, Svarcer, V., Fiz, D., Fowler, J.F., and Deeley,
T.J.: Brit. J. Radiol. 38 (1965), 785—790.

22) Worton, R.G.. and Holloway, A.F.: Radio-
logy 87 (1968), 938--943.

" 23) Zimmerman, D.W., Rhyner, C.R., and Came-

ron, J.R.: Health Physics12 (1566), 525—
531.

— 35 —



